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ACCELERATED WEAR TESTS BY THE 
BUREAU OF PUBLIC ROADS. 


By F. H. JACKSON, Senior Assistant Testing Engineer, and C. A. HOGENTOGLER, Highway Engineer. 





THE TESTING MACHINE ON THE RUNWAY. 


HK Bureau of Public Roads has recently com- 
pleted at the Arlington (Va.) Experiment Sta- 
tion a series of accelerated wear tests upon 

granite-block, vitrified-brick, and concrete pavement 
surfaces, the results of which should prove of interest 
to engineers and others engaged in the use, selection, 
or manufacture of materials for these types of pave- 
ment. | 
- The twofold purposes of the tests were: First, to 
compare the behavior of various forms of the several 
types when subjected to exceptionally heavy steel-tired 
traffic; and, second, to ascertain whether the resistance 
to wear of the constituent parts of the several pavement 
types, as determined by laboratory tests, may be con- 
sidered as a reliable index of the wearing value of these 
materials when combined in a pavement. 

For the purpose of regulating the quality of the vari- 
ous materials used in granite-block, brick, and concrete 
pavements it has long been customary to specify certain 


controlling requirements based upon laboratory tests. 
For granite block the tests selected were the usual tests 
for toughness and abrasion of rock developed many 
years ago as an aid to the selection of stone for use in 
macadam road construction. For brick roads the con- 
trolling test is the rattler test, and for concrete the 
coarse aggregate has been tested for abrasion and the 
mortar has been tested for tensile strength, and, lately, 
there have been added compression tests on samples of 
the concrete. 

Because the tests for abrasion and toughness, when 
applied to granite block, were not sufficiently sensitive 
for the purpose engineers have been inclined to ignore 
the test results and rely on their experience with certain 
grades of block with which they happen to be familiar. 
Needless to say this practice has led to discrimination 
against certain quarries, merely for the reason that 
material from them had never been used by the particu- 
lar engineer controlling the selection. In a previous 
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CONCRETE CURBS WITH CINDER FILL IN PLACE, 


paper by one of the authors‘ there is described a modi- 
fied abrasion test which seemed to meet. the require- 
ments in so far as a satisfactory laboratory test is con- 
cerned, but the results obtained are of no value to the 
specification writer unless they are correlated with 
service tests. 

Although the tests in use for brick and concrete have 
given greater satisfaction, the fact remains that they fail 
to take into account a number of factors involved in the 
use of the materials in the road surface. Their value 
depends entirely upon the accurate correlation of the 
test results with the behavior of the material under the 
test of actual service. To obtain preliminary informa- 
tion along this line in a brief space of time was the 
principal purpose of the Arlington experiments. 


DESCRIPTION OF THE TEST SECTIONS. 


In conducting the tests the aim has been to simulate 
as closely as possible the conditions of actual pavement 
use of the materials. The various materials were incor- 
porated into a number of pavement sections laid in the 
form of a runway approximately 400 feet long by 2 feet 
wide. In all there were 48 sections, 21 of which were 
brick, 19 granite block, and 8 concrete. The sections 
were constructed in the following manner: A trench 36 
inches wide and 30 inches deep was excavated the full 
length of the proposed runway. Two 6 by 30 inch rein- 
forced concrete curbs were then constructed the full 








1The Standard DeVal Abrasion Test for Rock, by F. H. Jackson, Eng. Cont.. 
Sar. 3, 1920. 











length of the trench to form the edges of the pavement 
sections and to support the rails which. were laid to 
guide the testing machine. Between these curbs, 
which were spaced 2 feet apart, cinders were placed in 
layers and thoroughly compacted by hand tamping to 
a depth of 16 inches under the granite-block sections, 
about 174 inches under the brick, and 24 inches under 
the concrete. A 4-inch clay drain-tile was placed longi- 
tudinally down the center of the trench under the cinder 
fill, with laterals at various points, for the purpose of 
preventing the accumulation of water in the foundation. 
The base for the granite-block and brick sections was 8 
inches of 1:3:6 concrete laid upon the compacted 
cinder fill. The concrete sections were laid immedi- 
ately upon the cinders. Over the base in the granite- 
block sections were laid four different 1-inch bedding 
courses: (a) 1:4 dry cement mortar, (6) sand, 
(c) asphalt-sand, and (d) tar-sand. Upon these beds 
the blocks were laid by an expert paver in strict accord- 
ance with the best practice and in such manner that 
after thorough ramming their heads were flush with the 
top of the curbs. The brick were similarly laid on sand 
and sand-cement cushions. All brick were acceptable 
from the standpoint of visual inspection, as were also all 
the granite block except the samples of Georgia block 
used in sections 7 and 8. These block were rough 
when received, which made it impossible to pave them 
to as smooth a surface as the other sections. Both 
eranite block and brick were filled in the various sec- 
tions severally with 1:1 cement grout, asphalt, tar, 
and as»halt and tar mastics. 

Mechanical analyses of the sands used are given in 
Table 1. Analyses of the asphalt and tar fillers are 
shown in Table 2. Cement grout was mixed in a grout 
box similar to those used in practice. Bituminous 
fillers were heated in a portable kettle and were poured 
by means of an ordinary pouring pot. The asphalt 
was heated to a temperature of approximately 350° F. 
The mastics were prepared by mixing the separately 
heated sand and bituminous materials in a wheelbarrow 
with hoes in a manner similar to the method which has 
been used in New York City. It was found that the 
maximum amount of sand which could be carried in 
the mastic and still insure proper application was 
about 40 per cent-by volume. 


TABLE 1.— Mechanical analysis of sand used in wear test. 
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No. 1 sand was used as fine aggregate in concrete base and in sand-cement bed. 
wei 2sand was used in cement grout, bituminous-sand fillers and bituminous-sand 
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TABLE 2.—Analysis of refined coal-tar filler. 
reneral characteristics: Semisolid. 
neers cr eee 13 
Ree OTA ayer SO cs x anc oe we icin Carn - +o» oo svg oe ee 1. 2389 
Float test, 50° Coa eee ea cacao ac aeeeceeneeseessers ees Seconds. . 260 
Total bitumen soluble in carbon UL i cr rrr percent.. 81.5 
Freneearbon, organic matter ieee. .............2.-. ces sees rsseee do.... 18,2 
Trrenqemt@inat ter InsOnmmleue.... feos. ee we ew one le eee eee do.... 3 
Distillation. 
Per cent|Per cent 
Fractions. Character. by by 
volume.| weight. 
Ve .......... .3 See. eid . 2222 2.0 1.02 
170°C. to:285° C Lee... 5s. se 0 One 1.5 97 
230.50... tO-e7 0° Geeta os = «os WO. 55. e eee 4.0 2402 
270° C. toma? Gateee ee 20... eee S SOM an. ee 4.0 2.00 
FIG... ss ene ee ee SOM Men... . 2.2.4 &8. 5. 92. aa 
100 99. 84 
ANALYSIS OF OIL-ASPHALT FILLER. 
\ 
General characteristics: Semisolid. 
Specific gravityj2o Coe U.... . eee menos 2 12026 
Flasnepoint (° C.)o2)...... .. Sapeaeeeeee eee ee 245 
Penetration, 0° Cag@00 stams, GO senands..............22.01 62 22 
Penetration, 25° C., [OGMepemns, Se@@ems..-- 2.0.0.2... 25. eo eee 35 
Melting point ae C.)} Dunn = = anys « » SGM 2 tia Wale wha) ee eae 69 
Ligss, tee ©, Tee. ee en cs eee eet sen per cent.. . 042 
Characteristics of residue: Smooth. 
Consistency of residue: Penetration, 25° C., 100 grams, 5 seconds......... on 
Total bitumen (soluble in carbon disulphide) oo IS. ae percent... 99.8 
Ofmanic MECC ISO. co oe one Rink em oie wiass «1s = owe WOx< ae 
Inorganiowna lleriineGiiere. . e025. 2 sc. - cs coe oces s PO ee do 0 


THE TESTING MACHINE. 


The wear-testing machine consists of five cast-iron 
wheels, 48 inches in diameter by 2 inches wide, and 
each weighing 1,000 pounds. This gives a unit wheel 
Joad of 500 pounds per inch width of tire. The wheels 
are mounted inside a channel-iron frame in such a 
way that they roll over the center 12 inches of the 
24-inch test strips. Each wheel is mounted inde- 
pendently of the others, so as to be free to move up 
and down and thus adjust itself to any inequalities 


and depressions in the pavement along the line over 


which it travels. It will therefore be seen that the 
effect approximates very closely the action produced 
by heavily loaded steel-tired trailers or horse-drawn 
vehicles. The machine is pulled back and forth over 
the test sections by means of an endless steel cable 
driven by a 30-horsepower gasoline engine and travels 
at the rate of approximately 5 miles per hour. 


THE PROGRESS OF THE TEST. 


The actual testing was begun November 13, 1919, 
and continued intermittently until August 1, 1920, 
when, because of the complete failure of some of the 
sections, further running of the apparatus was im- 
practicable. By this intermittent running an oppor- 
tunity was afforded for study of the behavior of sec- 
tions under test in winter and summer as well as in 
wet and dry weather. 

During the entire course 
servations and notes, as well as photographic records, 
were made of the behavior of the various sections. 
The progress of the test is shown by the following 
table giving the dates and number of runs of the car. 


of the test detailed ob- 
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Number : | Number 

Date.  ofruns. | Date. _ ofruns. 
| | } 
Nov. 13, 1919.......-...------ | 125 || May 20, 1920.........2-22.--0- | 3.995 
Dec. a (0lGm. .........-..00e | G62ay|| Mee e27, GeO... ute. 3,730 
Fee heer. . 2s. 5 sss eee 1, die) Je 5 a 2 ee 4,650 
Mata 26, Ie... sso ee | 1,650 || Jume 22, 1920...°............. 5, 000 
ADE. 14, ame. - cet oe oe eee 2,140 | JULY 15, Ge. os sc see ee 5, 730 
May 17, tose. oe). 2 ee | 2,650 7 








COMPARISON OF GRANITE BLOCK SECTIONS. 


A detailed layout of the various sections of granite 
block, showing variations in the quality of the block 
used and difference in the filler and bedding courses, is 
given in Table 3. The figures given under “ Per cent 
of wear’' in each case were determined by the use of the 
modified abrasion test previously referred to and bear 
no definite relation to the per cent of wear determined 
by the standard De Val abrasion test. 


TABLE 3.—Granite block sections. 
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Section. Block from Type of filler. course. of wear. 

lL... 2 Vinalhaven, Me.. ks Cemeit.grout.....| Sand-cememt...... 4.0 
22 | Rockport, Mass. sg ow. .. . . e oe eS ae 4.2 
eR eS Mount Airy, N.C. i —.. (aoe 2. a... we 6.0 
a  . Chelmsford, Mass.|.....d0............- -.. a Eee... ee 4.4 
errr > Concord, a. ..|....1 a Re ss = ae Hee 5. 0 
ere Cape Ann, Mass...|..... 1, .. 5. hod | a 4.4 
ch eee Dn, ) a CC ne ee ne 6.2 
ee er om xn sa | oa ee ae | tee 
ee ee Vinalhaven, Me... .. ooo RUNES Es a oes ee hes ae ee a 4.0 
(Ore ee Rockport, Mass. -.!- “ie eee ee ee. a an 4.2 
rr Mount Airy, N. Ci... 4 Ge litte. « «ane. . oe COM .52002-.--22 6.0 
ee 2..| Vinalhav en, Me.. Anti Imeestic....|..... ae 4.2 
iS Chelmsford, Mass.|.....d0............. | uit GO. ......-.-... | 4.4 
: Coumerd, WH ......... ee 2: ae. Pe. 0 er 3. 6 
I5...........1 Somes Sound we NSphelt.....s.-... }@amd.............. ! i 
| See | Long Cove, Me... | Asphalt mastic.. Asphalt-sand...... 4,4 
| ee Vinalhaven, Me... Tar mastic........ Sand-cement...... 4.2 
18..........4) S@ies Sound, Me. Tar............... Wend... ......... 4.2 
a e.. aceon Long Cove, Me....| Tar mastic........ omeatid.......... 4. 4 
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GENERAL VIEW OF GRANITE BLOCK SECTIONS Nos. 10 to 19 AFTER 
Pests 








The first section to show indications of failure was 
No. 7, the grouted section of Georgia granite. As 
previously noted, the block with which this section 
was paved were very roughly cut at the quarry, so 
that it was impossible to lay them as smoothly as the 
other block. It is probable, then, that the impact 
produced by the heavy wheels rolling over the rough 
heads of these block started the breaking up of this 
section, and the result illustrates very forcibly the 
value of using accurately cut block on pavements 
subjected to heavy steel-tired traffic. The first notice- 
able effect of the action of the testing machine on 
section 7 was the failure of the cement grout, which 
started to scale off the block and break out of the 
joints shortly after the test was started. The grout 
failure was accompanied by an appreciable settlement 
of the entire section. This settlement increased as 
the test progressed and amounts at the present time 
to about 14 inches. There has been considerable 
Wear on the unprotected edges of these block and 
several have been broken. The portion of this section 
adjoining section No. 6 has likewise been subjected to 
additional impact caused by -the presence between 


the two sections of a concrete bulkhead constructed 
across the trench at this point to the full depth of the 
concrete base. Under the action of the wheels this 
bulkhead was worn down more than the adjoining 
block, and the resulting difference in clevation caused 
considerable impact. That the excessive wear which 
has taken place on this section is due to the additional 
impact caused by this bulkhead and the rough block 
rather than to the fact that the granite itself was 
rather soft is evidenced by the fact that section No. 3, 
containing nearly the same quality of granite, as 
measured by the abrasion test, is still in very good 
condition. 

The next evidences of failure were observed on 
sections 1, 2, and 6. Asin the case of No. 7, the action 
was started by the cement grout scaling off the surface 
and breaking out of the joints of the block, accompanied 
by settlement of the sections as a whole. The appear- 
ance of these sections just after initial failure of the 
grout may be noted by reference to figures 1, 2, and 
6 of plate 1. This plate shows the condition of the 
various sections at the end of 1,650 runs of the testing 
machine. Figure 7 on the same plate shows the condi- 
tion of section No. 7 at the same time. It will be 
noted that the action has progressed considerably 
farther on this section. 

Settlement on all four of these sections has been 
accompanied by considerable transverse bending. 
On section No. 1 particularly, the block along the center 
of the runway directly under the wheels of the testing 
machine are about one-half inch lower than along the 
sides. This is probably due to the concentration of 
the load on the center 12-inch strip of the experimental 
section. This load working against the friction be- 
tween the ends of the block and concrete curbs probably 
caused the bending which has been observed. The 
transverse bending has likewise produced a pinching 
action at the surface between the ends of the center 
blocks. The compressive stress thus developed would 
undoubtedly be great enough to crush the grout in the 
jomts along these lines and even spall off the joint 
itself. This may account to some extent for the rapid 
failure of the cement grout on these sections and also — 
for the fact that considerable spalling bas taken place. 
An interesting point in connection with this bending is 
the fact that the concrete base has not eracked longi- 
tudinally and is perfectly flat, although it has been 
pushed down about 2 inehes. The sand-cement bed, 
furthermore, is well set up, though it has not adhered 
to any extent either to the base or the block. The 
only explanation of this fact would appear to lie in 
the assumption that the sand-cement bed has com- 
pressed sufficiently under the center blocks to take 
care or the bending without cracking the conerete 
base. The remaining three grouted sections, Nos. 3 
4, and 5, are still in very good condition. 
bond is intact and flush with the joints. 


} 
The grout 


While there 


is some evidence of wear on these sections it is uniform, 
the block and the grout wearing down together in the 
ideal way. Recently the grout has begun to break out 
of the joints of the first 3 feet of section No. 3, but the 
action here is progressive and was begun by impact 
due to the somewhat rough surface of section No. 2. 
Settlement not exceeding one-fourth inch has taken 
place. 


BITUMINOUS FILLED SECTIONS SHOW LITTLE WEAR 


The most noticeable feature of the sections contain- 
ing bituminous fillers is the fact that although some set- 
tlement has taken place at various points there is very 
ttle evidence of wear and almost no breaking up of 
individual block. Even section No. 8, which, from 
the beginning, was much rougher than the others, has 
suffered less than the corresponding section No. 7 with 
cement grout filler. A slight amount of wear has taken 
place on the sections in which the softer granites were 
used. The wear has been uniform, however, and the 
sections are practically as smooth as they were in the 
beginning. On the sections using asphalt-mastic filler 
a considerable ironing out of the filler over the surface 
of the block has taken place. This characteristic action 
is clearly shown in plate 1. The excess filler has re- 
mained in place in certain portions of the section up to 
the present time. On the two sections containing tar- 
mastic filler, however, the mastic has not adhered quite 
‘so well to the surface of the block although the joints 
are as well filled as in the case of the asphalt-mastic 
filler. The single straight tar-filled section No. 18 1s 
not in very good condition. The filler has chipped out 
to some extent, and there 1s evidence that water has 
found its way through the joints of the block to the sand 
bed. The surface is somewhat rougher than the corre- 
sponding section 15 on sand bed in which a straight 
asphalt filler was used. Considerable settlement has 
taken place, however, on both sections, No. 15 and No. 

18, laid on the sand bed, and the surfaces are slightly 
more uneven than in the cases where a sand-cement bed 
was used. Section No. 16, built on an asphalt-sand bed 
prepared by mixing about 10 per cent asphalt with 90 
per cent sand, has likewise settled somewhat unevenly. 
Section No. 19 constructed on a tar-sand bed prepared 
in the same manner js, on the other hand, in fairly 
good condition, very little settlement being noted. 
The present condition of section 19 is especially inter- 
esting in view of the fact that it adjoins a concrete 
bulkhead similar to the bulkhead separating sections 
Nos. 6 and 7, which were cement grouted. However, 
the impact produced by this bulkhead has not caused 
the damage observed on the grouted sections. In gen- 
eral, the amount of settlement on the bituminous-filled 
sections varies from approximately 1 inch, on sections 
laid on sand bed, to zero, on certain sections laid on 
sand-cement bed. Bituminous-filled sections have, in 
general, not settled as much as grout-filled sections 
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Likewise settlement on sections laid on sand-cement bed 
is not as great, in general, as on sections laid on came sti 
sand or ee sand beds. 


DISCUSSION OF THE GRANITE-BLOCK TESTS. 


It will be of interest to review briefly the reasons un- 
derlying the behavior of the various sections under 
test. Reference has been made to the fact that 
the first six cement-grouted sections constituted origi- 
nally a continuous beam about 50 feet long, 2 feet 
wide, and 5 inches deep. This beam rested upon a 
{-inch 1:4 sand-cement bed, which, in turn, was placed 
on a concrete base 8 inches in depth. The concrete 
base rested upon a compacted cinder fill, which was 
rammed by hand, every effort being made to make it 
uniform throughout. In other words, the construc- 
tion was what is ordinarily known as “‘semimonolithic.”’ 
Section 1 of this beam joined the last section of the 
vitrified-brick portion of the runway. Section 6 was 
placed next to the concrete bulkhead previously men- 
tioned. 

Both the brick sections and the concrete bulkhead 
started to wear somewhat before the granite. Observa- 
tions showed that the brick section adjoining granite 
section 1 developed considerable unevenness at about 





SHOWING SETTLEMENT AND 


BETAIBED VIEW “OF SECTION 1, 
PINGHING ACTION ON UPPER EDGE OF BLOGK. 


1.650 runs. It is probable, therefore, that the in- 
creased impact caused by the worn brick and concrete 
started the disintegration of the cement grout on 
stone-block sections 1 and 6. The action once begun 


progressed slowly toward the center from both ends, 


the breaking of the grouted joints being accompanied by 
cradual settlement of the sections. This action up to 
the present time has progressed in one direction through 
sections 1 and 2 and the first 3 feet of section 3 and in 
the other direction entirely through section 6. The 
amount of settlement varies with the distance from the 
ends. The maximum side settlement is about 1 inch 
at the ends of sections 1 and 6, whereas sections 4 and 5 
show very little settlement at all. The condition of 
all of these grouted sections illustrates very forcibly 
the necessity for reducing impact from any cause on 
eranite-block pavements. In these experiments where 
the impact has been excessive, as on sections 1, 2, 
and 6, the grout has failed, and the sections have set- 
tled. Where it has not been excessive, as on those 
portions of sections 3, 4, and 5, not yet subject to in- 
creased impact, no damage has been done. Another 
point of interest is the fact that the three center sec- 
tions are all in equally good condition in spite of the 
fact that the percentage of wear of the three granites 
represented varies from 4.4 to 6. This leads naturally 
to the conclusion that the so-called softer granites, if 
well cut and properly laid, are practically as resistant 
to steel-tired wheels as the harder varieties. Ii the 
blocks are not well cut, however, so that they can not 
be laid to a smooth surface, as was the case in seetion 7, 
impact of heavy traffic will soon break out the grout, 
after which the soft block will undoubtedly wear faster 
than the harder varieties. This is brought out by com- 
paring sections 1 and 2 with section 7. Sections 1 and 
» constructed with hard granites, although subjected 
to considerable impact, due to the grout having failed 
and also because of the poor brick section adjoining 
section 1, have not worn or broken up nearly as badly 
as section 7, which contains the soft granite. 

The most interesting feature in counection with the 
bituminous-filled sections is the fact that although con- 
siderable settlement has taken place, there is very little 
evidence of wear or breaking up of individual block. 
Even the sections which have settled unevenly show 
but little wear, indicating that the soft filler has served 
us au cushion against the impact of the iron wheels, 
which has been lacking in the rigid type. The soft 
tiller likewise is capable of readjusting itself to shght 
inequalities in the surface, due to uneven settlement of 
the block—-an advantage not possessed by the rigid 
type. It would appear, then, that under the practical 
conditions approximated by this test, bituminous fillers 
are, in general, as satisfactory as cement grout filler, 
especially when there is any tendency of the block to 
settle unevenly, thereby increasing the impact force 
exerted by moving wheels. Again, as has been noted, 
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there is practically no difference in the behavior of 
bituminous and bituminous mastic-filled sections, ex- 
cept that in cases where the mastic is used a very notice- 
able ironing out of the excess filler has taken place. 
This would indicate that the latter is just as satisfac- 
tory as the straight bituminous filler for street pavement 
work. The fact that both sections laid on sand bed 
show considerable settlement and unevenness would 
tend to indicate that this type of bedding course is not 
as satisfactory as the sand-cement bed, even when 
bituminous fillers are used. The fact that the tar- 
sand bed section, No. 19, has not settled as much as the 
asphalt-sand bed section, No. 16, indicates that the tar 
may have provided a somewhat more rigid bedding 
course than the asphalt. This single comparison 
would, however, hardly justify a conclusion to this 
effect. 


CONCLUSIONS FROM THE GRANITE BLOCK TESTS. 


Although it is realized that certain limiting condi- 
tions, such as the small size of the test sections and the 
fact that settlement occurred at certain points must 
be taken into account when interpreting the results 
of these tests, it is felt that a number of general con- 
clusions may be drawn. These conclusions may be 
summed up as follows: 

1. Bituminous-filled granite block pavements will 
resist the impact produced by heavily loaded steel- 
tired traffic as well as cement-grouted pavements. 

2. Bituminous mastic fillers are as satisfactory for 
this type of traffic as straight bituminous fillers. 

3. The effect of impact is tremendously increased 
by irregularities produced by poorly cut block. 

4. Irregularities of surface or other factors producing 
impact are more serious with grouted than with bitu- 
minous-filled pavements. 

5. Shght variations in resistance to wear, such as 
occur among the commercial granite block from the 
Atlantic coast quarries, are of much less importance 
in judging the probable resistance of the block to the 
action of traffic than has commonly been supposed. 

6. Cement-sand bedding courses are more satisfac- 
tory than sand or bituminous-sand bedding courses. 


COMPARISON OF BRICK SECTIONS. 


The types of brick pavements tested and their 
arrangement in the runway are shown in Table 4. 
The per cent of wear was determined by the manufac- 
turer, using the standard rattler test. 

In general, the progress of wear in all sections was 
similar. First the excess filler was broken and pulled 
off the surface of the bricks; then a uniform wearing 
of the bricks occurred over the entire length of the 
section. This uniform wear was followed by excessive 
wearing in spots, causing a very rough and uneven 
surface. Complete failure of the section rapidly fol- 
lowed this uneven condition. 
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TABLE 4.—Brick sections. 
’ Brick. Cushion. 
=e _____|Length,| Joint filler 
pes section.| material. 
“i Type. Wear. Material. | Thick 
Per cent. | In. yO 
1 | Bgprewed . . 2272 umee Sand-cement 4:1 as 8 | Grout 1:1. 
2 Wireseat lug...... 16 | a 0 0 ea fs 8 Do. 
3; Repressed........ | TES la cae Go... ...2n Ts s Do. 
2 | Weire-cujalug..... 2 =. je. - Oe cae fs 8 Do. 
-.... co...... ae | ay GO... sae “a 8 Do. 
6 Repressed........ . a ae GOa....<s228 s & Do 
i. i... 2. me F...- age... 0.0 =e 8 | Asphalt 
% | Wire-cut lug......, mB oe... Le re 5 +s 8 Do. 
Y | Repressed........ | e “Ge. ..8 Gee... cee vs S Do. 
10 | Wire-cut lug...... = ®.... aan... <a ts ] Do. 
ll | Repressed........ : a ..m _ a is 8 100), 
i2. Wite-cutlug...... a re Oo... se 15 8 Do. 
13 | Vertical fiber. .... ' 8.84.2 mO....:..28 i x Do. 
IE. » act Oiteeai bere. - <8 | is. 8 | aa. ..... 229 1 & Do. 
15 3-inch wire-cut 1 (ae |, eae Ce Pans 8 Do. 
ug. 
ia... 23 a... Ligae. . 8 NO... <2seee 1 8 | Asphalt mastic 
.L. 
oe den. ieee. .2 iO): .. .. 2am iL & | Tar. 
| a do. . | Lick eee 5 ee. nl 8 | Taranasésic 1:1 
i oe GO ws cc eeee vee a0... 2. cee 1 8 | Grout 1:1. 
20 | Wire-cut lug...... | 16 Sand-cement 4:1 i | 8 | Tar. 
21 | Verticababcr..-..| ec | a ao... ...." , | 8 | Grout 1:1. 
| 











In sections with elastic fillers the wear was confined 
to the areas which came in contact with the cast-iron 
wheels, causing ruts or grooves to develop as the test 
continued. In sections having nonelastic fillers the 
wear was of a crushing or shattering kind, causing the 
bricks to shear and break in areas adjacent to as well 
us in the path of the wheels. 

For convenience the stages of wear on the various 
sections are noted and referred to in the following 
discussion as (1) the first indication, (2) the beginning 
of nonuniform wear, and (3) total failure. 

Plates 3 to 7, inclusive, show photographs of the 
different sections arranged with respect to their kind 
and hardness. Five views of each section, taken at 
different stages of the wear, are shown. For any par- 
ticular section, the same brick is indicated in successive 
views by a black dot. By this means the study of 
the progress of wear is facilitated. The following 
comparisons are made from notes taken during the 
test as well as from the photographs. 


BRICK SHOWING 16 PER CENT WEAR COMPARED. 


On plate 3 are grouped the sections made of 4-inch 
brick, which showed 16 per cent of wear in the rattler 


test. All the sections shown are laid on a sand-cement 
cushion. Sections 2, 8, and 20 are wire-cut lug bricks, 


with cement grout, asphalt, and tar fillers, respectively, 
while sections | and 7 are repressed bricks, with cement 
grout and asphalt fillers, respectively. 

Of these sections Nos. 2, 8, and 20, made of wire-cut 
lug brick, are all in good condition after 5,730 runs. 
The first indication of wear on sections 2 and 8 appeared 
after 2,150 runs: on section 20 after 1,650 runs. How- 
ever, the wear increased on Nos. 20 and 2 faster than 
on No. 8, so that after 5,730 runs No. 20 is not as good 
as No. 2, and No. 2 is slightly worse than Nov. 8. 

The repressed brick in sections 1 and 7 showed no 
indications of wear until after 2,150 runs, after which 


” 


—— 


the wear on the asphalt-filled section developed more 
rapidly than on the section filled with cement grout. 
The former developed nonuniform wear -after 2,650 
runs. After 5,730 runs the cement-grouted section is 
very good, and the asphalt-filled bricks are very much 
worn. 

Arranging the five sections in the order of their 


resistance to wear in the test, they rank 8, 2, 1, 20, 7. 


It should be explained, however, that sections 1 and 2 
were possibly subjected to less abrasive action on 
account of their position at the end of the runway, 
and No. 20, being between two badly worn sections, 
was subjected to exceptionally heavy abrasive action. 


Taking these conditions into account, a fairer state- 


ment of their relative resistance would rate them 8, 20, 
2, 1, and 7, the difference between the first four being 
very slight. This would indicate that in resistance to 
wear the wire-cut lug brick rank above the repressed. 
A study of plate 3 shows also that neither cement 
grout nor bituminous fillers protect or support the 
edges of repressed brick as well as those of wire-cut 
lug. It also appears that in resistance to wear the 
wire-cut lug bricks with bituminous fillers are better 
than with cement grout, while with repressed bricks 
cement grout gives the better results. A shattering of 


sections with cement fillers and rutting of sections 


with bituminous fillers is indicated. 


OBSERVATIONS OF BRICK SHOWING 19 PER CENT WEAR. 


On plate 4 are grouped the 4-inch bricks that showed 
19 per cent wear in the rattler test. Each of the four 
sections was laid on a sand-cement cushion, sections 
4 and 10 being wire-cut lug brick and sections 3 and 9 
repressed. Nos. 4 and 3 were laid with cement-grout 
filler and Nos. 10 and 9 with asphalt filler. 

The two sections of wire-cut lug brick showed first 
indications of wear after 1,175 runs, after which on 
the section filled with cement grout the wear increased 











uniformly to the end of the test, the surface remaining — 


good. On the section filled with asphalt the wear was 
faster, but uniform, until 3,750 runs, after which non- 
uniform rutting occurred 

The sections of repressed brick showed first indica- 
tions of wear after 1,175 runs. From that point the 
cement-filled section increased uniformly in wear to 
2,650 runs, after which nonuniform breaking and 
shearing occurred. By 3,750 runs the nonuniform 
wear was well developed, and total failure came at the 
end of 4,650 runs. Up to that point the asphalt-filled 
section had shown only uniform wear, but subsequently 
shearing of brick caused a very uneven surface. 

Comparison of these 4-inch brick of the same hard- 
ness (19 per cent wear) laid on a sand-cement cushion 
indicates that in resistance to wear they rank 4, 10, 9, 


and 3, there being appreciable differences between | 
them, with the wire-cut lug showing better than the 
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repressed bricks. The wire-cut lug brick show better 
with cement grout than with asphalt filler, while the 
repressed show better with asphalt. As in the sections 
of 16 per cent brick, those filled with cement grout 
show a tendency toward shattering, and the asphalt- 
filled sections develop grooves. The 19 per cent brick 
show less resistance to abrasion than the 16 per cent 
brick. Again, also the fillers, both asphalt and cement 
grout, offer considerably more protection and support 


to the edges of the wire-cut lug than to those of the 


repressed brick. 


WEARING QUALITIES OF THE 24 PER CENT BRICK. 


Plate 5 shows the 24 per cent brick of 4-inch thick- 
ness laid on a sand-cement cushion. Sections 5 and 12 
are wire-cut lug with cement grout and asphalt fillers, 
respectively, and sections 6 and 11 are repressed brick 
with cement grout and asphalt filler, respectively. 

All four sections showed first indications of wear 
after 625 runs, after which the wire-cut lug with cement 
filler showed uniform wear to 2,150 runs, when non- 
uniform shattering and shearing began, resulting in 
total failure after 4,650 runs. Filler afforded little 
protection to edges after 3,250 runs. On the asphalt- 
filled, wire-cut lug section the wear was uniform to 
2,650 runs, after which nonuniform grooving action 
developed deep ruts by 5,500 runs. The asphalt 
filler offered better protection to the edges of the brick 
in this section at 5,730 than at 2,150 runs, due to the 
ironing out of the filler in warm weather. On the re- 
pressed section with cement-grout filler, the wear 
became nonuniform after 1,175 runs, resulting in 
sheared and shattered brick after 3,750 runs. The 
filler offered no protection to the edges after 1,175 
runs. The repressed, asphalt-filled brick showed 
uniform wear to 2,150 runs, after which nonuniform 
grooving resulted in deep ruts by 5,730 runs. 

Comparison of the four sections shows that in re- 
sistance to wear they rank 12, 11, 5, and 6. Again it 
is indicated that both types of filler offer more pro- 
tection to the edges of the wire-cut lug than to those 
of the repressed brick, and again the test results are 
favorable to the wire-cut lug. For both kinds of 
brick the asphalt filler shows better than cement grout. 


THE BEHAVIOR OF THE 17.7 PER CENT BRICK. 


Plate 6 shows the group of 3-inch brick sections. 
All these brick are wire-cut lug, and all are laid on 
sand cushions. <All the brick showed 17.7 per cent 
wear in the rattler test, consequently the only variable 
in the five sections is the filler, which was different in 
each section. As shown in the plate, the fillers used 
were asphalt, asphalt mastic, tar, tar mastic, and 
cement grout. 


The first indication of wear appeared in the cement- 


filled section after 125 runs; in all the others there was : | 


no indication of wear until after 1,175 runs. Non- 
uniform wear, in the several sections, began as follows: 


RupBs 
Asphabt filler... 2 eke... 2-3 4, 650 
Applialt-ma@etie fillers 2... .. /--feeeee ee 3, 750 
‘Tar filler........2..:...388.....3 2 eee 2, 130 
Tarmeastic filler.....//20......... eee 1, 650 
Cement-crout filler. ..932--...<..:.22) eee 625 


In general resistance to wear, the sections rank in | 


the same order, indicating that as the elasticity of the 
filler decreases the crushing and shattering of the 
brick increase. The cement-filled section in this 
group showed complete failure after 2,150 runs. This 
was the worst of the 21 sections. 


THE 31-INCH VERTICAL-FIBER BRICK WITH 18.8 PER 
CENT WEAR. 


The vertical fiber brick which tested 18.8 per cent 
wear in the rattler are shown in plate 7. 
14, and 21 they are laid with asphalt, asphalt, and 


cement-grout fillers, respectively, and on sand-cement, | 


sand, and sand-cement beds. 
The two asphalt-filled sections showed first indica- 


tions of wear after 1,175 runs, the wear increasing | 
slowly and uniformly, leaving a fairly good surface | 
The filler afforded excellent pro-. | 


after 5,730 runs. 
tection to the edges. The cement-filled section, on the 
other hand, showed traces of wear after 625 runs, the 
wear became nonuniform after 1,650 runs, and the 
section was a total failure after 3,750 runs. 

In general, the sections rank 13, 14, and 21, but there 
is almost no appreciable difference between 13 and 14. 
Section 21, with the cement-grout filler, is far inferior 
to the other two. The elasticity of the asphalt and 
the protection it afforded the edges of the brick is no 
doubt responsible for this difference. 


ALL BRICK SECTIONS COMPARED. 


Generalizing from the results of the tests, the various 
sections can be divided into three classes, according 
to their condition at the end of the test. 
class are the sections which show uniform wear, but 
have not developed marked unevenness of surface. In 
the second class are those sections in which nonuni- 
form wear has developed ‘resulting in a very uneven 
condition covering not more than 50 per cent of the 
length of the section. In the third class are those 
sections which are considered as total failures, in which 
more than 50 per cent of the lengths are shattered and 
rutted nonuniformly. 

The various sections grouped in accordance with this 
mode of classification and arranged within the classes 


In sections 18, | 


In the first © 
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PLATE 7.—314-INCH VERTICAL FIBER BRICK—18.8 PER CENT WEAR, LAID ON DIFFERENT BEDS AND FILLED WITH DIFFERENT 
Freshers: 
48225—21——3 
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as well as possible with regard to their resistance to 


wear, are as follows: 











CLASS 1. 
— Description. 
ee 16 per cent, 4-inch wire-cut lug, sand-cement cushion, asphalt filler. 
ee, ee 16 per cent, 4-inch wire-cut lug, sand-cement cushion, cement filler. 
ie. i 228 19 per cent, 4-inch wire-cut lug, sand-cement cushion, cement filler. 
Verse SE 16 per cent, 4-inch repressed, sand-cement cushion, cement filler. 
| ane 16 per cent, 4-inch wire-cut lug, sand-cement cushion, tar filler. 





























eee 18.8 per cent, 34-inch vertical fiber, sand cushion, asphalt filler. 
CLASS 2. 

We. 2 eee 19 per cent, +inch wire-cut lug, sand-cement cushion, asphalt filler. 

lia... ae 17.7 per cent, 3-inch wire-cut lug, sand cushion, asphalt-mastic filler. 

a. 16 per cent, 4-inch repressed, sand-cement cushion, asphalt filler. 

OF. 19 per cent, 4-inch repressed, sand-cement cushion, asphalt filler. 

a... 17.7 per cent, 3-inch wire-cut lug, sand cushion, asphalt filler. 

[2 24 per cent, 4-inch wire-cut lug, sand-cement cushion, asphalt filler. 

We . sae 24 per cent, 4-inch repressed, sand-cement cushion, asphalt filler. 

i. . ae 17.7 per cent, 3-inech wire-cut lug, sand cushion, tar filler. 

ee 17.7 per cent, 3-inch wire-cut lug, sand cushion, tar-mastic filler. 
CLASS 3. 

yee 24 per cent, 4-inch repressed, sand-cement cushion, cement filler. 

ee 19 per cent, 4-inch repressed, sand-cement cushion, cement filler. 

: _—e : 24 per cent, 4-inch wire-cut lug, sand-cement cushion, cement filler. 

21...... 18.8 per cent, 3}-inch vertical fiber, sand-cement cushion, cement filler. 

| 17.7 per cent, 3-inch wire-cut lug, sand cushion, cement filler. 








Table 5 shows the progress of wear on the various 
sections during the test. 


GENERAL COMMENTS. 


In general, the sections filled with cement grout 
showed settlement along the sides as well as in the 
center, while the bituminous-filled sections showed more 
settlement in the center than along the edges. The 
maximum settlement of the grout-filled sections on 
sand-cement cushion ranged from 4 to 14 inches, with 
an average of +8 inch. The maximum settlement of 
bituminous-filled sections on sand-cement cushion 
ranged from } to 1 inch, with an average of }inch. The 
average longitudinal variation of the above two types 
was 4 inch. The maximum settlement of bituminous- 


filled sections on sand cushion ranged from 4 to § inch, 
with an average of 14 inch. The average longitudinal 
variation was ~; inch. The one cement-grout-filled 
section on sand cushion showed 14 inches settlement. 
Considering the uniform base and foundations under 
these sections, the additional settlement of the grout- 
filled sections over the bituminous-filled sections can 
not but indicate that the effect of the impact caused by 
the same agency (steel-tired traffic) is much greater on 
a rigid surface than it is on an elastic surface. It 1s 
also indicated that a 1-inch sand cushion allows more 
compression and consequently more unevenness of sur- 
face than a -3;-inch sand-cement bed. The difference 
in compression or, possibly, movement of the sand 
cushion would account for the difference in the settle- 
ment found between sections laid on sand and sand- 
cement cushions. 

Table 5 shows that there is conformity between the 
first indications of wear on the various sections and the 
results of tests made with the standard brick rattler. 
This first indication of wear seems to be more or less 
dependent upon the degree of hardness of the brick. 
Several exceptions show that the method of laying and 
the thickness of the brick are also factors to be con- 
sidered. When laid on a sand cushion the 3-inch, 
crout-filled, wire-cut lug brick showed first wear 1,050 
runs before the bituminous-filled brick. Also the 


34-inch vertical fiber brick on sand-cement cushion 


showed first wear 650 runs before the same brick with 
bituminous fillers. The fact that first indications of 
wear on section 20 occurred 500 runs before the other 
four 16-per-cent sections can be attributed, at least in 
part, to the fact that it received extra heavy impact 
because of the very bad condition of section 19. In 
general, then, the 24 per cent wear bricks showed first 
indications of wear after 625 runs, the 17.7 per cent, 
18.8 per cent, and 19 per cent brick after 1,175, and the 
16 per cent brick after 2,150 runs. After this first 
stage, however, the thickness of the bricks and the type 


TABLE 5,—Showing progress of wear—all brick sections. 
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of filler seemed to control the rate of disintegration. 
Of the 7 sections remaining in good condition at the 
end of the test, 3 are 4-inch grout-filled brick 2 are 
4-inch bituminous-filled, and 2 are 33-inch bituminous- 
filled brick. Of the 4-inch brick all are wire-cut lug 
except section 1, and, as noted before, this section 
probably received less wearing action from the appa- 
ratus than any other in the runway. 

The 9 sections in which nonuniform wear was regis- 
tered are all bituminous-filled, the best being 4-inch 
wire-cut lug showing 19 percent. The 5 sections which 
showed total failure are all cement-grout-filled sections. 


CONCLUSIONS FROM THE BRICK TESTS. 


Making allowance for the smaller amount of wearing 
action occasioned on section 1 and the exceptional 
amount of -wear on section 20, the following con- 
clusions are obvious: 

1. The edge protection offered by bituminous and 
cement-grout fillers is considerably greater for vertical 
fiber and wire-cut lug than for repressed brick. 

2. The adhesion of bituminous fillers to wire-cut lug 
and vertical fiber brick tends to protect the surface 
and to reduce the wear. 

3. With cement-grout fillers the surface becomes a 
rigid slab and failure occurs because of the breaking of 
this slab under load and consequent loosening and 
shattering of the brick. 

4. With cement-grout fillers and sand-cushion con- 
struction the brick must be so thick as to make a 
slab which will resist without excessive distortion the 
impact produced by the load moving over it. In such 
cases the cement-grout filler offers excellent support to 
the wire-cut lug and vertical fiber brick. The above 
results indicate that for sand and sand-cement cushions 
and for such loads as were had at Arlington thicknesses 
under 4 inches are impractical. 

5. For brick of sufficient thickness to form a beam 
which will not be broken under impact, cement grout 
offers better support to the edges than bituminous 
fillers. The bituminous fillers cushion the edges, but 
under certain kinds of traffic (steel tires) allow the edge 
to be crushed even while the filler remains intact. 

6. Tar and tar-mastic fillers form more rigid slabs in 
cold weather than asphalt and asphalt mastic, and 
consequently brick filled with the former tend more 
toward shattering than those filled with the latter. 

7. For the same conditions of brick and type of con- 
struction, brick with rounded edges offer less resistance 
to wear than those with square edges. 

8. Sand cushions are subject to more compression 
than sand-cement cushions, and the greater compres- 
sion results in a more uneven surface. 

9. Elastic fillers considerably reduce the effects of 
impact occasioned by steel-tired traffic, and the de- 
structive effect increases with increased rigidity of the 


fillers, the maximum destructive effect occurring with 
such fillers as have greatest rigidity. The shattering 
of the brick and the additional settlement noted on the 
cement grout sections warrant this conclusion. 

10. The resistance to wear of the various pavement 
sections, as shown from the wear test, is the same as 
that indicated by the standard rattler test for the 
brick comprising the above sections. 


CONCRETE PAVEMENT SECTIONS. 


From the behavior of the concrete sections under 
test it was intended to secure comparisons of the 
resistance to wear offered by conecretes made from 
different aggregates. Eight sections were constructed, 
each 6 inches thick and each of 1:14:3 concrete. Views 
of these sections after 2650 and 5730 runs, respectively, 
are shown in plate 8. The concrete was hand-mixed 
and finished with a wooden float. For the purpose of 
determining any possible relation between the resistance 
to wear and compressive strength afforded by use of the 
different aggregates, 6 by 12 inch test cylinders were 
made from the same batches of concrete used in the 
different sections. These cylinders were buried beside 
the runway August 8, 1919, and tested in the laboratory 
April 7, 1920. The kinds of aggregates used for the 
different sections, with their arrangement in the runway, 
together with the breaking strength of the test cylinders, 
is given in Table 6. The slump indicated was deter- 
mined from 6 by 12 inch cylinders. 



































TABLE 6. 
Aggregate. Cylinders. 
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During the progress of the test these sections, in 
addition to wear on their surfaces, developed a con- 
siderable number of transverse cracks followed by 
settlement, which makes comparisons of resistance 
to wear somewhat difficult. The following observa- 
tions for wear were noted, however, on parts of the 
sections other than those adjacent to the cracks. In 
general the wear progressed the same on all sections 
beginning with a slight grooving action which gradu- 
ally uncovered the large aggregate after which the 
depth of wear as well as the uniformity of the resulting 
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surface depended more or less upon the hardness and 
size of the aggregate. 

Section 1 (trap) showed gradual and uniform groov- 
ing action through the test and at the end of 5,730 
runs these grooves which are fairly well defined show a 
maximum depth of + inch, with a longitudinal varia- 
tion not exceeding } inch. 

Section 2 ie caillietta showed wear faster than No. 1 
and a tendency toward unevenness over the worn 
area rather than distinct grooves. After 5,730 runs 
the surface shows a nonuniform wear 32 inch in 
capes with a longitudinal variation of from Ys inch to 

4 inch. 

Section 3 (gravel) after 5,730 runs is very uniform, 
showing } inch wear and 7 inch longitudinal variation. 

Section 4 (sandstone) after 5,730 runs is not so uni- 
form as No. 3 and shows wear to a depth of 3 inch, 
with a longitudinal variation of 4 inch. 

Section 5 (slag, + to ? inch) shows wear to a depth 
of 4 to 4 inch with a longitudinal variation of $ inch. 
Section 6 (gravel) is very uniform showing } 
=; Inch wear and an average } 

variation. 

Section 7a (slag, } to 24 inches, 8-inch slump) shows 
nonuniform wear 4 to 3 inch deep, with a longitudinal 
variation of + to 4 inch. 

Section 76 (slag, + to 24 inches, 2-inch slump), with 
the exception of one sel spot 4 inch deep, shows 
more uniformity than 7a with an average of 3 inch 
wear and 4 inch longitudinal variation. 

Section 8a (gneiss, 7-inch slump) shows grooving 
action to the depth of + inch with a longitudinal varia- 
tion of 4 inch. 

Section 8b (gneiss, 6-inch slump) shows. slightly 
less wear than 8a, but this could be at least in part 
due to the fact that, being at the end of the runway, it 
did not receive as aw wearing action as the other 
sections. 

As can be noted, the trap rock and gneiss sections 
show the greatest resistance to wear, presenting very 
uniform surfaces. The gravel sections rank next, 
showing slightly more wear, but about the same uni- 
formity. The limestone and sandstone sections com- 
pare favorably with the gravel as concerns depth of 
wear, but tend more a developing nonuniformity 
of top. The slag sections show the least resistance to 
wear and compare favorably with each other except 
that 7a shows less uniformity. These sections, then, as 
regards resistance to wear should rank 1 and 8, 3 and 6, 
2 and 4, 5, 7. From Table 6 it will be noted that in 
resistance to compression, as determined from the 
test cylinders, they should rank 7, 8, 4, 6, 5, 2, 3, 1. 
Comparisons of the above would = ee that this 
test shows no relation between compressive strength 
and resistance to wear afforded by the several con- 
cretes. 
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Comparison of sections 3 and 6, 7a and 76, and 8a 
and 8b would indicate that the dry concretes offer 
more resistance to wear than the wet ones. Sections 
3 and 6 as well as 8a and 8b give a slight indication 
of this while sections 7a and 75 furnish a very marked 
indication. 


SEVERAL SECTIONS FAILED BY CRACKING. 


The failure of several of the concrete sections was 
due to transverse cracking and settlement, accom- 
panied by increased impact. It is possible that this 
cracking might indicate the resistance of the various 
aggregates to impact. It should be noted that in 
placing the cinder foundation every precaution was 
taken to have it compacted uniformly so that it would 
afford the same support under all slabs. The first 
crack occurred between sections 4 and 5 after 2,300 
runs, the second and third occurred 3 feet each side 
of the first after, respectively, 2,600 and 2,650 runs. 
The effect of these cracks was to reduce the area over 
which the load was distributed, so that the intensity 
of the pressure was increased on the cinder foundation, 
with the result that the surface settled about 24 
inches. In a similar manner a second series of cracks, 
resulting in the same condition of settlement, occurred 
around the junction of sections and 4 after 3,900 
runs. Further cracking allowed section 4 to settle to 
the elevation of the ends. Cracking in each direction 
from this settled section resulted in settlement of the 
surface, which extended from the joint between Nos. 
6 and 7 to a point 4 feet from the joint between sec- 
tions 1 and 2. Longitudinal cracking developed only 
in section 4. These observations would indicate that 
slag, sandstone, and limestone do not offer as much 
resistance to cracking as do gravel, trap rock, and 
eneiss. This conclusion, however, is questionable in 
the absence of further experiments. 

From the tests on the conerete sections there are 
indications that neither the resistance to wear nor the 
resistance to cracking are dependent upon the com- 
pressive strength of the concrete as determined by 
6 by 12 inch test cylinders, that more resistance to 
wear Is afforded by dry coneretes than by wet, and that 
the harder aggregates offer more resistance to wear 
than the softer. Whether this greater resistance 
offered by the harder materials would warrant secur- 
ing them for a road at much additional expense when 
softer materials are at hand must be left to the judg- 
ment of the engineer with full knowledge of the traflic 
conditions to be accommodated. 

Nors.—Acknowledgment is made to Mr. L. J. Teller for able 
assistance in the conduct of the work. The test was under the 
general direction of Mr. Thomas H. MacDonald, Chief of the Bureau 
of Public Roads, and Mr. A. T. Goldbeck, engineer of tests, and 


under the direct supervision of Messrs. Earl B. Smith and I’. H. 
vackson, senior assistant testing engineers. 
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ON BITUMINOUS MACADAM AND 
BITUMINOUS CONCRETE ROADS 


By E. J. WULFF, Senior Highway Engineer, Bureau of Public Roads 


T IS customary to differentiate the types of bitumi- 
nous pavement into two classes, namely, bitumi- 
nous macadam and bituminous concrete. In the 

former the cold stone is coated, after being placed in 
the road, with heated bituminous material; in the latter 
the heated mineral aggregate composed of coarse and 
fine aggregate is mixed with heated bituminous material 
in a machine mixer and then placed on the road in a 
hot condition. The two materials that enter into the 
construction of the types of roads under construction 
are bituminous materials and the mineral aggregate. 
These materials must be adapted for the various pur- 
poses, and most specifications describe the materials 
by certain requirements that they must have for the 
specific purpose intended. 

The term ‘‘ bituminous material” applies in common 
to asphalt as well as tar products. Both materials are 
used in penetration macadam; tars are employed only 
to a limited extent in bituminous concrete. When the 
term ‘‘asphaltic macadam”’ or ‘‘ asphaltic concrete” is 
used the bituminous material Is an asphalt. 

The functions of the bitumimous material mn bitumi- 
nous macadam and bituminous concrete are not quite 
analogous, although the adhesive ‘quality of the bitumi- 
nous material is the essential quality in both cases. In 
bituminous macadam the small stone and bituminous 
material serve as filler or binder, similar to the sereen- 
ings and fine dust of a waterbound macadam. The 
interlocking action of the mineral aggregate is the main 
dependence against lateral displacement. As screen- 
ings and dust are omitted in bituminous macadam,these 
are replaced by stone chips and adhesive asphalt or tar, 


a combination which is not. affected by water or exces- - 


sive dryness nor by the sucking action of rubber tires. 
In an asphaltie eonerete the interlocking action of the 
stone Is supplemented by a mortar formed of the fine 
mineral aggregate. which includes dust, and an asphal- 
tic cement. The function of this mortar is essentially 
analogous to that of the mortar in cement concrete. 


CONSISTENCY THE IMPORTANT QUALITY OF BITUMI- 
NOUS CEMENT. 


On account of the different functions to be performed 
by the asphalt in the two different types. as well as the 
different working conditions under which it is employed 
when the pavement is laid, and the varying effect of 
climate, the consistency of the asphalt to be employed 
is of considerable importance. 

The suitable consistency differs materially for differ- 
ent types of pavement as well as for different climatic 
conditions Thus for penetration macadam the consis- 


tency of the bituminous material must be such that 
when in a melted condition it is fluid enough under 
proper working conditions to flow freely and coat the 
coarse stone aggregate with a thin film. When cooled 
to summer temperatures it must be stiff enough not. to 
flow. When still further cooled to winter conditions 
it must remain plastic enough to contract without 
cracking. 

The range of summer and winter temperatures differs 
materially for the United States.. While high and pro- 
longed summer temperatures may be expected through- 
out the country, the winter conditions are dissimilar. 
In the North, prolonged periods may occur when the 
temperature is at and below zero. In the Southern 
States, the winter temperature may but rarely reach the 
freezing point and then for short periods only. It is 
apparent that these extreme cases, as well as the variety 
of intermediate conditions, require bituminous materi- 
als of appropriate consistencies for local requirements. 

The same principle apphes as well to asphaltic 
concretes. In the latter the asphalt bodies, while dis- 
tributed more uniformly through the fine mineral 
aggregate, are exceedingly small, and contraction is dis- 
tributed on a large number of small bodies instead of 
concentrated on a few but large bodies. That alone 
would be a sufficient reason to employ a stiffer asphalt; 
however, other reasons and circumstances prompt the 
use of a stiffer asphalt. The principal reason is the 
function of .the asphalt as a cement. in uniting the 
mineral aggregate into a dense, stonelike mass. In 
addition there is the circumstance that the mineral 
aggregate is heated to substantially the same temper- 
ature as the asphalt before the matemals are mixed, 
and this justifies the use of a stiffer asphalt. As the 
asphalt. is exceedingly fluid at the proper working 
temperatures, it is possible to coat the mineral agegre- 
cate with a very thin film of asphalt instead of the 
comparatively heavy one which results in penetration 
macadam. 

The bituminous materials used in penetration mac- 
adam are fluxed native asphalts, oil-asphalts (derived 
from the asphaltic-base oils), and tar products. 

The suitability of a bituminous material for penetra- 
tion work is measured by the test requirement for pene- 
tration in asphalts and the float test for tar products. 
Both tests determine the consisteney of the bituminous 
material. For the northern section of the country, 
where very low temperatures may prevail for prolonged 
periods, an asphalt of a penetration of from 120 to 150 
is ordinarily employed. That means, while the asphalt 
is not unreasonably soft during summer conditions, it 
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_retains a certain amount of plasticity during extremely 
cold weather. Furthermore, on account of its pli- 
ability it will reunite again when warm weather comes 
if there has been any separation of the asphalt bodies 
during the winter months. 

Where extremely low temperatures do not occur or 
are of comparatively short duration the penetration 
requirement is placed at 90 to 120, and in the southern 
part of the United States, where freezing occurs but 
rarely, the penetration is from 80 to 90. 

The corresponding float test requirements for tar 
products are as follows: 


Seconds. 
Howimemmortnern séction................... 90 to 120 
motrmemnjddie belf...................--.- 120 to 150 
For the southern section................-.. 150 to 180 


These test requirements should not be arbitrarily 


followed. The present tendency in the northern section 


is to select a somewhat stiffer material than that which 
is provided by the penetration test of 120 to 150 for 
asphalt or a corresponding float test of 90 to 120 
seconds for tar products. The weight and amount of 
traffic should be one of the determining factors to be 
considered in selecting an appropriate consistency. 
Heavy and continuous traffic will prompt the use of a 
stiffer material than hght traflic. 

In specifications for the construction of penetration 
macadam, asphalts and tars are usually placed on an 
equal footing and the selection of the appropriate mate- 
rial is determined by local conditions. With the ex- 
ception of one-size-stone bituminous concrete, where a 
tar product is occasionally employed, the bituminous 
material for the concretes is usually an asphalt. 


QUALITY OF STONE ALSO IMPORTANT FACTOR. 


Of equal importance with the asphalt is the quality 
and size of the stone aggregate from the viewpoint. of 
service as well as workability when crushed. The 
adaptability of a rock is usually measured by its hard- 
ness and toughness, the latter quality being of greater 
importance than hardness alone. A very hard stone 
may also be friable under impact and may shatter 
under rolling or the subsequent impact of traffic much 
more easily than a softer stone of relatively greater 
toughness. The particular quality desired is_ fre- 
quently expressed by a test standard based upon the 
French coefficient of wear in which is expressed the 
results of a test which combines both hardness and 
toughness tests. | 

In a general way if may be stated that a rock com- 
posed of small crystals is better adapted for use than a 
rock composed of comparatively large crystals. The 
trap rocks and other related volcanic rocks are com- 
posed of comparatively small crystals. A number of 
granites and metamorphic gneisses derived from gran- 
ites are usually not so well adapted on account of their 
‘large crystals. Where a choice of materials is to be 
had, economically, the best material should be employed. 
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However, there are large sections of the United 
States where the best rock material is unobtainable 
economically and where rock material of an inferior 
quality must be used. The rocks mentioned above 
show more specifically the desirable and undesirable 
structural features to be noted by a merely visual ob- 


servation. 
PENETRATION MACADAM. 


In the construction of bituminous macadam roads 
the lower limits of the French coefficient are usually 
placed.at 7 or 8. This requirement includes all the 
trap rocks and many granites, gneisses, sandstones, 
and quartzites. Limestones of various origins range 
from extremely high to extremely low. Where a rock 
with the minimum French coefficient of 7 is unob- 
tainable, as happens in many of our States, the lower 
limit is sometimes placed as low as 44. Where such a 
stone between 44 and 7 must of necessity be employed, 
it is advisable to use a coarser stone aggregate than 
where a harder stone is employed. 

Next in importance to the suitability of the rock as 
such is the size of the stone fragments. The latter 
must be large enough so that the voids contained in 
the stone bed after compaction are still large enough 
to permit the penetration of the bituminous material 
and the coating of the stone. The same principle is 
also carried out in the stone chips which take the place 
of screenings as used in water-bound macadam. The 
stone chips must be free from dust. | 

The effect of using an excessively friable rock for the 
stone aggregate manifests itself in the further crushing 
of the stone under rolling with a heavy roller and the 
consequent closing of the necessary passages. Hence 
the requirement to use a larger sized coarse aggregate 
where a soft stone is the only kind available is needed 
to mitigate somewhat the effect of the further crushing 
under the rolling. 

As the chief reliance ts placed upon the interlocking 
action of the stone to obtain stability, rolling must he 
done until full compression has heen obtained and all 
lateral movement has ceased before the bittminous 
binder is apphed. 

The importance of adequate rolling can not be empha- 
sized too much, as a large number of failures or, at 
least, very undesirable features in the finished pave- 
ment ean only be assigned to msufficient rolling before 


applying the binder. Unless the coarse stone is rigidly 


keved together to prevent lateral displacement the 
following application of bitumimous material will have 
the effect. of surrounding the stone with a lubricant 
which, under summer conditions and under traffie, 
favors the readjustment and constant displacement of 
the stone aggregate. This will produce ruts and other 
depressions and corresponding ridges over large parts 
of the road surface. which will not only make travel 
unpleasant but will also be destructive to vehicles. 
The condition of such a pavement becomes worse and 
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worse in time as vehicular impact increases and the de- 
pressions increase in depth and the ridges in height. 

After the first application of the bituminous binder 
stone chips are spread, and these stone chips when rolled 
tend still further to key the coarse stones together and 
prevent lateral displacement. 

After rolling this course, and after sweeping off all 
unabsorbed stone fragments, a further application of 
bituminous material is made in an amount just sufh- 
cient to provide a thin coating of the tar or asphalt, 
which is immediately covered with stone chips and 
rolled. It is of the utmost importance that the stone 
should be reasonably clean and free from dust in order 
that the stone, whether large or small, may be properly 
coated with the binder. Dust, if in the form of a 
permanent coating on the stone, will prevent the adhe- 


sion of binder to the stone; if present as part of the 


stone due to crushing under the rolling or as bodies 
of fine material present in the coarse aggregate, it 
will prevent the uniform penetration of the binder. 
Such conditions if permitted will in time develop 
patches of unabsorbed bituminous material on the sur- 
face. An excessive amount of the tar or asphalt in the 
seal coat has the effect of forming a mat of stone ships 
and bituminous material which, being more or less 
pliable, develops alternate ridges and depressions at 
short intervals, giving the road surface a corrugated 
appearance. It frequently happens that the stone is 
placed some time in advance of the spreading of the 
bituminous hinder and the stone becomes covered with 
fine roadside dust. The latter condition prevents the 
adhesion of the bituminous binder and only a liberal 
flushing with water will restore a condition that will 
permit the adhesion of the binder to the stone. This 
flushing should be done some time in advance of the 
spreading of the binder. A careful inspection of the 
stone bed is necessary to detect and remove pockets of 
fine stone or excessively crushed material and replace 
them with new stone properly compacted. Good work- 
manship and care in the various processes while simple 
is absolutely essential to obtain satisfactory results. 
While it is possible to spread the bituminous material 
by hand from pots it has become customary to make 
the application by means of specially constructed dis- 
tributing wagons. The latter are tanks mounted, 
usually, on motor trucks and the distribution of the 
hot liquid is effected in a thin sheet under a constant 
air pressure. The latter insures a uniform application 
in a predetermined amount. 


ASPHALTIC CONCRETES. 





The true asphaltic coneretes—that is, mixtures in 
which the coarse aggregate is united into a dense stone- 
like mass by a mortar composed of fine aggregate and 
asphaltic cement—are quite numerous. They include 
mixtures in which the coarse aggregate is comparatively 
large and constitutes about two-thirds of the entire 


mass, and mixtures in which the coarse aggregate is of 
a much smaller size and constitutes about one-third of 
the entire mass. These two represent the two extreme 
conditions, but there are other types, as well, in which 
the coarse aggregate constitutes intermediate percent- 
ages of the total aggregate with corresponding varia- 
tions in the size of the coarse aggregate. 

Asphaltic concretes occupy a middle ground between 
the asphalt macadams on the one side and sheet asphalt 
on the other, and are related to both. 

Sheet asphalt is, par excellence, the recognized pave- 
ment in most of our large cities and sustains, with the 
exception of specialized heavy trucking, the compre- 
hensive city trafhe successfully. This success is due 
to the fact that a rational formula for the pavement 
has been developed and is understandingly enforced 
in most cases. As sheet asphalt is a pavement expen- 
sive in first cost, early attempts were made to reduce 
the cost by decreasing the depth of the pavement, 
hoping thereby to make it applicable to highways 


where the initial cost had to be considered to make 


them economically possible. 

Without going into analytical detail the results of 
such changes were principally the addition of crushed 
stone to the surface course. In sheet asphalt, the 
mineral aggregate of the binder course is crushed stone; 
the mineral aggregate of the surface course is sand 
and a filler composed of a very finely ground mineral 
dust. The chief function of the binder course, as the 
name implies, is to bind the surface course to the base 
course and to prevent the horizontal displacement of 
the surface course. The interlocking quality of the 
coarse aggregate of the binder course has prevented 
such displacement measurably even where the sheet 
asphalt surface, as such has not been of the best pos- 
sible composition. 

By incorporating the coarse stone into the wearing 
surface of a sheet asphalt mixture, it was found to be 
possible to decrease the depth of the pavement and, 
consequently, its first cost. The asphaltic concrete 
type of pavement is the outcome of these modifications 
and when the fine grading of the mixture approximates 
the rational formula of sheet asphalt the results have 
been satisfactory. These results have, however, been 
more or less accidental and examples of poor asphaltic 
concretes of both the coarse and small-aggregate types 
are quite common. Such failures are principally of 
two kinds. In the case of coarse-aggregate asphaltic 
concrete, the life of the pavement is much shortened 
by a poor grading of the fine aggregate which, being 
porous, admits water and causes the early oxidation 
of the asphaltic cement. It also permits displacement 
of the aggregate and causes uneven surfaces. In the 
snija lesa asphaltic concrete, the first condition 
also exists and the displacement and readjustment of 
the mineral aggregate is much more pronounced and 
produces typical surface irregularities manifesting 
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themselves in depressions and adjoining elevations of 
some extent as well as in narrow alternating ridges of 
comparatively small height. 

The underlying causes of these defects were early 
recognized in the small aggregate or Topeka type of 
pavements, and the grading of the material passing the 
10-mesh sieve was modified in such a manner that the 
fine grading 1s now the same as in a standard sheet- 
asphalt pavement. This type is now known as modi- 
fied Topeka pavement. 


USE OF COARSE-AGGREGATE TYPE NOW UNRESTRICTED 
BY PATENTS. 


In the coarse-aggregate type the chief reliance for 
stability has always been placed on the coarse stone, 
and, as the specifications providing for the grading of 
the aggregate were protected by a patent, not much 
could be done heretofore to improve the specifications 
in regard to the grading of the fine aggregate. With 
the expiration of these patents, the course-aggregate 
type of pavement is open to unrestricted use, and the 
engineer has it within his power to modify the specifi- 
cations along rational lines. 

The asphalts used in asphaltic concretes are substan- 
tially the same as those used in the macadams with 
the exception that the consistency is considerably 
stiffer. However, the climatic difference of the vari- 
ous sections is recognized in this type also, and the 
-asphalts used in the northern section are softer than 
the ones used in the middle or southern belts. For 
the Topeka type of pavements the consistency of the 
asphalts is somewhat stiffer than for the coarse aggre- 
gate types in the corresponding climatic belts. 

The mineral aggregate for asphaltic concrete 1s 
divided into coarse and fine. The coarse aggregate is 
composed of crushed stone, and the physical charac- 
teristics are measured by the same test standards 
as for macadam stone. It should be the best obtain- 
able, economically, as the life of the pavement, apart 
from the grading, depends on the abrasive quality and 
toughness of the coarse material. As this type of 
pavement is usually laid to meet exacting traffic con- 
ditions, a stone as soft as is sometimes admitted in 
bituminous macadam without serious detriment should 
be rigidly excluded. The fine aggregate, for the pur- 
pose of proportioning, may be considered as all the 
material passing the 10-mesh sieve, and may to 
advantage include both screenings and sand as well 
as a fine mineral dust usually designated as “ filler.” 

In combination with asphaltic cement and provided 
that the fine aggregate and dust are properly propor- 
tioned, it forms the mortar that fills the interstitial 
voids of the coarse aggregate in the completed pave- 
ment. In asphaltic concrete considerable dependence 
is placed upon the interlocking action of the coarse 
aggregate against displacement, and where the coarse 
aggregate constitutes nearly two-thirds of the entire 
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mass of the pavement very little displacement need 
be apprehended; but the quality of the mortar deter- 
mines whether the pavement 1s short-lived or whether 
its usefulness shall extend over many years. 

In the Topeka type of pavement, where the coarse 
ageregate constitutes barely one-third of the mass of 
the pavement, this amount is not entirely sufficient 
to place the stones in close enough contact to prevent 
displacement, and the angular fragments of crushed 
rock passing the 10-mesh sieve supplement that essen- 
tial quality measurably. While, therefore, screenings 
are not so essential in coarse-stone concrete, they should 
by all means be included in the fine aggregate of the 
Topeka types, and sand should be employed only to 
supplement the deficiency of fine aggregate. 

It occasionally happens that a stone in crushing 
will produce only a small amount of material passing 
the 10-mesh sieve, in which event the deficiency would 
have to be made up with sand. In other cases that 
have come under the writer’s observation the prevailing 
limestone rock was so soft that all the material passing 
the 10-mesh sieve was rejected as unsuitable. Such 
pavements are liable to distortion much more than 
where the screenings constitute a substantial part of 
the fine aggregate. 


TOPEKA WITH BINDER COURSE UNECONOMICAL. 


The expedient in such cases has been frequently to 
place the Topeka pavement on a binder course, result- 
ing in a form of construction similar to sheet asphalt 
pavement. While this binder course may measurably 
prevent excessive displacement, the method appears 
scientifically and economically unsound. In this case 
the cost of the Topeka type of pavement would be 
substantially the same as that of a sheet asphalt 
pavement, while its period of usefulness must of neces- 
sity be much shorter owing. to the greater abrasion of 
the soft stone in the Topeka than of the fine sand 
vrains in the sheet asphalt, all other conditions being 
equal. 

With the expiration of the patent rights above 
referred to, which determined the amount of coarse 
aggregate in the Topeka types at not exceeding 32 
per cent by a decision of the United States courts, 
the percentage of coarse stone may now be safely 
increased and this would tend to produce greater 
stability. In fact, the coarse aggregate may now be 
proportioned to any intermediate percentage between 
32 per cent of the modified Topeka and the maximum 
of about 67 per cent of the large aggregate types. 
With an increase in the percentage of stone the size 
of the stone should be correspondingly increased. 

Another essential requirement for the fine aggregate 
is a finely ground mineral, usually consisting of ground 
limestone or Portland cement, although other ground 
minerals, if commercially available and of the required 
fineness may be used. The essential quality of this 


dust, usually designated as filler, in addition to fineness, 
is angularity, such as would be produced by grinding. 
Experience has shown that an equally fine material, 
produced by water or wind action, as occurs occasion- 
ally in fine sand, has not the essential qualities and 
should not, therefore, be considered as an equivalent 
or a substitute for ground dust. For that reason a 
limit, usually about 6 per cent, is placed upon sand 
particles passing the 200-mesh sieve, although as high 
as 12 and 15 per cent of ground dust, imcluding fine 
sand passing the same mesh opening, may be required 
in the fine aggregate when properly combined. The 
reason for this requirement as well as a definite grading 
of the aggregate for asphaltic concretes is deserving of 
ui more detailed explanation, as the success of these 
pavements depends essentially upon the quality of the 
asphaltic mortar in the concrete. 

If we first consider the physical qualities of most 
sands, we find that they are composed of grains that 
may be more or less angular, but are in any event more 
or less rounded at the corners, due to the abrasive 
action of grain upon grain in the process of formation, 
Consequently, the grains move more or less freely 
against each other under pressure. This applies to 
sands of uniformly sized grains and sands that are 
composed of differently sized grains, not, however, 
with equal force. If these sand grains are bound 
together with asphalt cement they are held in position 
if no pressure is exerted. If pressure is exerted, par- 
ticularly when the asphaltic cement becomes more or 
less plastic under summer temperatures, the sand gran- 
ules are displaced and readjust themselves in new posi- 
tions. If the sand is coarse, or of a too uniform size, 
the asphalt bodies are large and the readjustment of 
particles under pressure is excessive. 


CHARACTER OF SAND GRADING RECOMMENDED. 


If we conceive a sand grading in which the voids 
formed by adjacent sand particles are successively 
occupied by other sand particles decreasing corres- 
pondingly in size, and the smallest voids remaining are 
occupied by an angular dust, we have then a grading 
in which the voids have been eliminated as far as it is 
practicable to do so. Such a grading is used in the 
present standard sheet asphalt, in the material passing 
the 10-mesh sieve of a modified Topeka pavement, and 
in the fine mineral aggregate of a coarse-aggregate 
usphaltic concrete as required by the Bureau of Public 
Roads in its new typical specifications as well as in the 
specifications of the Asphalt Association. 

If we further conceive the voids filled with asphaltic 
cement, the angular dust will largely prevent an exces- 
sive displacement or readjustment of the sand particles, 
even if the summer temperatures make the asphaltic 
cement more or less plastic. 

Another very important effect of the density of this 
grading lies in the fact that it produces an essentially 
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waterproof mortar which is, therefore, not affected by 
percolating water or air and the consequent weathering 
action on the asphaltic cement. The latter, in turn, 
retains its plastic and ductile qualities for much longer 
periods than it would in a porous mixture. 

In essence the permanency of an asphaltic pavement 
and its resistance to displacement depends chiefly upon 
the rational grading of the mortar, and this applies 
with equal force to sheet asphalt where the entire pav- 
ing surface is composed of this asphaltic mortar as well 
as to the asphaltic concretes where the mortar unites 
the coarse stone into a monolithic mass. 

It follows that the grading requirement of specifica- 
cations must be followed closely if success is to be 
obtained, and that disregard of such requirements either 
through ignorance or carelessness can only have. dis- 
astrous effect, as is evidenced only too frequently and 
more particularly on country highways. In our larger 
cities the practice of building asphalt pavements ap- 
pears to be much better understood. Their greater 
success is due to competent inspection and enforcement 
of specification requirements. This inspection is com- 
prehensive in cities and covers every phase of manipula- 
tion. On country roads, on the other hand, inspec- 
tions are frequently performed by men who have no 
understanding of the subject, and still more frequently 
the only attempt at control consists in forwarding a 
daily sample of the mixture to some testing laboratory. 
Constant inspection and control, both at the mixing 
plant and on the road, are essential and the inspection 
should be done by men experienced in this type of con- 
struction and who have a rational understanding of the 
requirements and are capable of making the compara- 
tively simple tests required in the field. 

The laboratory equipment at the plant to be used by 
the inspector should consist of the necessary laboratory 
sleves and scales so that the composition of the sand 
may be quickly determined and controlled. A pene- 
trometer and an extractor may be desirable under 
certain conditions, and a thermometer is an essential 
part of the inspector's equipment. 


CLOSE AND INTELLIGENT INSPECTION NECESSARY. 


It is the function of the plant inspector to control the 
grading of the mineral aggregate, the heating of the 
mater its and the process of mixing. The various pro- 
cesses are usually described in considerable detail in 
most specifications and must be followed closely. 

It is unusual that a sand from one source has the 
grading requirements for the fine aggregate of an 
asphaltic concrete, and for that reason two sands or 
even three sands of different mesh compositions must 
often be combined to obtain the desired grading. 

As the physical work of shoveling sand into the heater 
is usually done by unskilled labor, this part of the work 
should be placed in charge of a competent foreman so 
that the sand from various stock piles may be fed into 
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the heater in the correct proportions. The inspector 
will take samples from the hot sandbox at frequent 
intervals and sift the sand to control the grading and 
keep it within the limiting requirement. | 

Lack of care in this respect is probably the most pro- 
lific cause of early failure and lack of permanency of 
our asphaltic concrete pavements. 

The temperature limits placed on the heating of the 
mineral aggregate and asphaltic cements have a num- 
ber of reasons. If we consider first the asphalt cements, 
we find that the maximum temperature limit for native 
-asphalts is placed at 350° F., for oil asphalts at 250° F. 
The requirement of a higher temperature for the native 
asphalts is for the reason that they are somewhat stiffer, 
at the same temperature, than the oil asphalts. How- 
ever, if maintained at the higher temperature for pro- 
longed periods or if the temperature be materially in- 
creased they harden much more rapidly than oil as- 
phalts. It is, therefore, essential that the maximum 
temperature for the native asphalts be not exceeded. 
The oil asphalts are sufficiently fluid at the lower tem- 
peratures but an increase in temperature is not so det- 
rimental. However, if a higher temperature is used it 
delays the rolling after the material is placed in the 
road as it must cool off sufficiently before effective roll- 
ing can be commenced. 

With reference to the heating of the mineral aggre- 
gate, the same reasons apply both as to the workability 
of the mix in the mixer and rolling on the road. Over- 
heating of the stone will have the same detrimental 
effect on the asphalt as if the asphalt itself had been 
overheated. Particular care is required where the 
coarse aggregate is composed of dolomitic limestone. 
This rock occasionally calcines at comparatively low 
temperatures that might conceivably have no serious 
effect if used in connection with an oil asphalt. How- 
ever, cases have come under the writer’s observation in 
aliieh after a comparatively short period, the coarse 
limestone disintegrated and slaked out of the pave- 
ment. While such occurrences are rare they will have 
to be considered. 


ACCURATE PROPORTIONING A NECESSITY. 


In combining the materials in the mixer care in 
weighing the materials is essential and this applies with 
particular force to asphaltic cement. Once the amount 
necessary to coat the mineral aggregate has been deter- 
mined by computation and final experiment that 
amount should be correct for succeeding batches, pro- 
‘vided the quality of the mineral aggregate also remains 
uniform, and it follows that the amount of asphalt 
should be weighed out carefully for each batch. Even 
a comparatively small increase or decrease has its det- 
rimental effect and will manifest itself sooner or later, 
even if no very noticeable differences are apparent dur- 
ing the operation. In order to obtain a well-coordinated 
mixture, the materials should be combined by first 


mixing the mineral aggregate consisting of the course 
stone, the fine aggregate, and the mineral filler for a 
number of revolutions until thoroughly mixed before 
adding the asphaltic cement, after which the mixing 
should continue long enough to be sure that each par- 
ticle is thoroughly and uniformly coated. A very use- 
ful field test is the so-called stain test in which a small 
amount of the mixture is compressed in a folded sheet 
of heavy manila wrapping paper. The resulting stain 
on the paper is an indication of the amount of asphalt 
in the mixture. This test while most useful in sheet 
asphalt is also applicable with some modifications to 
asphaltic concretes. 

It is assumed that the mixing is done in a modern 
mixing plant designed to separate the screened stone 
and fine aggregate into separate compartments, whence 
they are combined by weight into the mixing box in 
which the combined materials are thoroughly mixed 
by rapidly revolving blades. 

Cases have come under observation where a definite 
mixture was specified, but the contractor was per- 
mitted to use concrete mixers and rough field methods 
for combining the materials. The result of such 
methods can only produce uneven mixtures and lack 
of uniformity. Such pavement can not possibly con- 
form to essential grading requirements and can not, 
therefore, have the permanency that should be ex- 
pected. 

It is customary and necessary, although frequently 
omitted, to have a daily sample of the finished mixture 
tested as to its composition. Such a test should be 
confirmatory of the predetermined composition of the 
mixture. This test is in a great many cases the only 
attempt made at control of the mixture, and if so used, 
it is of no particular value unless supplemented by 
intelligent inspection. The sample taken represents a 
dally output of from 800 to 1,800 square yards of 
pavement. The report of the test, which under the 
most favorable condition takes a number of hours if 
made at the plant itself and as many days perhaps if 
made at a testing laboratory at some distance from the 
work, ordinarily arrives too late to be of much imme- 
diate benefit. The plant inspector should be qualified 
and should have the necessary apparatus to make an 
extraction of asphalt from the finished mixture and 
make the sieve analysis of the composition of the sample. 
Only in such a case has the test any value, as a remedy 
‘an then be applied immediately. The subsequent test 
inade at the testing laboratory would, in such a case, be 
a check of the test at the field laboratory. 

It is customary particularly in the construction of 
country roads to obtain the asphaltic cement ready 
fluxed and in that case the penetration requirement 
‘an be checked a sufficient time in advance of the begin- 
ning of operations. In the event that the asphalt 
and flux are combined at the plant, the laboratory 
equipment should also include a penetrometer in order 


that an asphaltic cement of the required penetration 
may be prepared. The penetrometer is also useful 
if it is found that the ready-fluxed asphalt cement 
differs in the penetration from the specification require- 
ment. In such a case the correction can be controlled 
by the addition of asphalt or flux as the case may be. 


THE ROAD INSPECTOR’S FUNCTIONS. 


The inspection on the road while of relatively less 
importance than at the plant is, however, usually 
done in some perfunctory manner. [Even if the road 
inspection is competent, it is then too late to correct 
any serious errors made at the plant. The road in- 
spector’s function is primarily to see that the mixture 
is carefully placec an important function, 
because the manipulation in the road determines very 
largely the behavior of the pavement under traffic. Of 
primary importance in placing the pavement is the re- 
quirement that the base course shall be clean and free of 
loose dirt or dust. As no binder course is required in 
asphaltic concrete the rolling is made difficult when 
loose dirt or dust favors the so-called shoving or push- 
ing of the hot asphalt mixture under rolling. The 
presence of such foreign material often leads to check- 
ing and cracking of the surface under rolling, particu- 
larly in the Topeka types of pavement. When the 
pavement is to be laid on a broken stone or macadam 
foundation, it is particularly necessary not only that 
the stone course shall be consolidated well, but also 
that all free sand or dust shall be swept off in order 
that the mixture may come in immediate contact 
with the stone. Where the foundation is a cement 
concrete the latter should be shghtly rough and if, as 
happens occasionally, a surface shows excessively 
shiny or smooth a thin paint coat of asphalt scsi be 
applied before placing the hot mixture. 

When the mixture is spread, the load should be 
dumped sufficiently in, advance of the face of the 
material already laid so that it will be necessary to 
shovel the whole load into position for raking. Only 
if the material is uniformly loose and of uniform depth 
is it possible for the rakers to produce a surface that 
will remain free from lumps due to uneven compression. 

In order to have an effective control of the depth 
of the pavement the inspector should have the neces- 
sary information regarding the specific gravity or 
density of the pavement. 

The density varies with different types of mixtures 
as well as with the varying density of the mineral 
aggregate and asphalt composing the mixture. The 
bhecnmmertinnel density is proportional to the volumetric 
percentage of the mineral aggregate and asphalt and 
their specific gravities. This density which should be 
determined by computation and test, ranges from 
ubout 2.25 for a sheet asphalt mixture to 2.60 for a 
coarse-aggregate type of asphaltic concrete, if made 
of trap rock. 
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While in practice these theoretical densities are not 
obtainable absolutely, the actual! densities should not 
differ materially from the theoretical; otherwise it 1s a 
certain indication of a defective grading and implies 
eenerally an excessive porosity.. If the mixture is 
delivered on the road in definite weights, as is cus- 
tomary, it is practicable to assign a definite space for 
each load, thus insuring uniform depth of pavement 
when ultimate compression has been obtained. 


RAKING REQUIRES CONSIDERABLE SKILL. 


Raking is work requiring considerable skill, and the 
function of the inspector is principally to control the 
depth of the pavement and the correction of defects — 
that may occur under the subsequent rolling. The 
latter are principally checking G. e. the opening of 
fine cracks), irregularity of compression, and irregular- 
ities of surface at points. These defects can ordinarily 
be remedied if attended to immediately. If hair 
cracks occur, which are usually due to creeping of the 
soft surface mixture on loose material under rolling, 
loosening and reraking will ordinarily be sufficient. 
In more severe cases the defective portion must be 
cut out and replaced after removing the responsible 
foundation defect. 

The rolling of a Topeka type of pavement requires 
.a tandem roller, and the rolling should be commenced 
as soon as it 1s practicable to do so. If the material 
is too hot when placed in the road there is too much 
delay, aside from possible defects due to burning; if 
too cold, the necessary compression and the maximum 
density can not be obtained. If the latter is obtained 
subsequently under road traffic it is at the expense 
of uniformity of surface. 

Aiter the first rolling, which is generally parallel to 
the axis of the road, the second rolling is diagonal on 
the more narrow country roads and cross rolling on 
city streets. This has the effect of ironing out ridges 
formed during the first rolling; it also introduces a 
kneading action necessary to produce the interlocking 
of the coarse aggregate. After the cross rolling and 
after all surface corrections have been made Portland 
cement 1s swept over the surface and the rolling con- 
tinued. It should be pointed out here that the surface 
finish depends entirely upon rolling, also that one 
roller will only roll satisfactorily not much over 1,000 
square yards of surface. If the plant capacity exceeds 
that amount per day, as is frequently the case, at 
least two rollers should be employed. Even where the 
smaller amount is laid each day, a second but smaller 
roller, would be of advantage, as the first rolling can 
be done somewhat sooner than if only one heavy 
roller is employed. 

The requirement for efficient rolling is not enforeed in 
many cases, and the requirement might reasonably be 
made plainer in many specifications. 

(Continued on page 36.) 











TESTS OF ROAD-BUILDING ROCK IN 1920. 


HE following tables give the results of the physi- 
cal tests of road-building rock made in the 
laboratories of the Bureau of Public Roads 

from January 1, 1920, to January 1, 1921. Samples 
of material from 33 States, the District of Columbia, 
Canada, and the West Indies are included in the list. 
Taken with the preceding reports of tests made in 
other years, these annual reports of material tests con- 
stitute a record of the characteristics of road materials 
which grows more and more valuable year by year. 


The results of all tests made up to January 1, 1916, 
were published in Department of Agriculture Bulletin 
No. 370, entitled “The Results of Physical Tests of 
Road-Building Rock’’; those made during 1916 and 
1917 were reported in Bulletin No. 670; the 1918 tests 
were recorded in Public Roads, volume 1, No. 11, 
issued March, 1919; the 1919 report was printed in 
Public Roads, volume 2, No. 23, issued in March, 1920; 
and the following are the results for 1920: 


Results of physwal tests of road-building rock from the United States, Canada, and the West Indies, Jan. 1, 1920, to Jan. 1, 1921. 





























1 Exact locality not known. 














2 Test not made. 
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Results of physical tests of road-building rock from the United States, Canada, and the West Indies, Jun. 1, 1920, to Jan, 1, 1921—Continued 
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MASSACHUSETTS 
15457 Pitamfielde................... Berkelire................2.. NE ea. Sah. ala | (2) 172 | . 65 a4 7.8 13.3 vi 
liga WiTitiieste@r en. ......-...08 Mrddlesex...... 20... ee so cee Hornblendegapbro..........5.c2.5.---. (2) 189 a 3.0 ie 18. 0 13 
lggv3 - Soullybritiger. ..............-. i. rs BW SCIISY ec dence aes (2) | 4 . 62 4.3 9.3 16.3 1] 
| | ! | 
| MICHIGAN. | | ; 
1577] “SSeperay ee... 4 Lao: a ee Dolomites. 2... vic. de: 5021 a ' ay | 163! “2.26 | 6.2 Tt ees 7) 
i 
MISSISSIPPI. | 
Ce Pe Se Lay) 1a | 896) O8| 41 3.3 5 
MISSOURI. | | | | 
15444 (1) | Gape Girard@au............. lope... 2. ee ee ee We) 168 | som os 9.3 17.0 5 
MONTANA. : | | 
CE | Deon Lodgew....-......5..5. Qumibibee:. .. 2 Roe ieee eee | ES 162 1. 10 | 5.6 ial (2) 2) 
| i oe ae. eT me ee eee -_ 163 B34, 48 9.31 (2) (2) 
He... ates... - dee | Lewis and Clark. ........... Smelter slag VOR eee aie Pee «Se tena Meth @y | 212 LS." 5.9 6.8 We 12 
a re WMS ew cece ee Bust os... cen vce cie eel acuuess | @) Tae ae 23.8 te (*) (?) 
NEBRASKA i | 
16080 Louisville. . 0.0.0.0. 0.2.20... Ce. ........ Argillaceous limestone. .........2-2.2+-- @) | 13} 243! 58) 69] 147 6 
ee!) °C Ge... ee ee ee oo NO. . .0ien. eee BGSRI GUM OOUR BIAY .. 2. 2. sce annscescuws- ae 1g; 25.00 | Gé.2 2.2) e) 
| 
NEW JERSEY | ; 
ea ee | Pipierd@im..............2523 Dolomibiemmoaneles...........-. 22222... @) | ia oof 3.5 11.4 15.6 3! 
i ee. | aie. |: ee ne =| ai 3 oe eee iL (27) | 177 48 | 3.4 11.8 16.0 14 
NEW MEXICO | 
Ye a ee San Miguel.................. Siliccous clay limestone..............--. 2) | 166 | 42 4.6 8.71 16.7 8 
17292  Nowth Dwgtvmm..............- Voleneia...................- Caleareous Sandstone. ............-..--.. (2) 152 3.92 | 6.1 6.6 11.3 7 
| 
NEW YORK | 
| | 
NOS 9 Wimen.... 2.2... .02.....- oe § Co e) | 1) .wl G4) 78) @eee 
~~“) | ee ee pe pO ee ey Bo ‘Ve. ee (2) 64) .! @2) esl to | 1 
tet | Ge me... se nn on Gabbro...... Pm Mee (2) 179 a | 7 14.8 17.6 10 
vee? © @iliomy. .. ..... me ame osteo if A ee ee SamclSWeme. . ee cc ccc ve uses! (2) 152 a. Of | 3.9 10. 3 14.7 | 10 
a | rr: ee RS Be oe ee ee ee. (2) 150} 3.56, 40] 109] 14.0] 10 
ae ee, Rockland b.. aes Sonne. Avpiilageous dolomitc..................-. (2) | 173 30 | 7.8 ea | Ge F @ 
NORTH CAROLINA. | | 
a | i | | 
loon’ * Tew Riwem................2 ApeMMMCe..... eee eee. DO eee ee fe (2) | 181 ae | a5 11.4 18.0 — 16 
17018 | Jon, ...........202. 22. SS eee ee Howmwblende @@iss. ...................-. (2) 185 .&9 22 1 12.9 6 
W601! Gmamit@ Palle................ ee | | ee ee ERC LO PCIE on... eee eens: (4) | 166 . iD | 3. I 12.9 1G. 7, 11 
16614 | Stoked. .............20. (Sele. . 52. ..2-5..2...-... Corn@mite gneiss (2) 162 a 3.7 10.8 > & 12 
aia Esa peace Sees on Chwenten.... ...-...........-.. A Wert Suflemite. ................22005.. (2) 180 ap | laf foun ial 44 
Li | Wine Rwhame 2.2... 2... | Pomme. ..........-........- Biotite MmcisSen............c-ccceneueeee (7) | 170 | 43 4.3 | 9.3 i6.7 8 
Lah | Cornmamabamn Giierd.................... Querte @md GQUartwite....................- (2) | 164 | eI 8.6 7 @ * 
dd Ee eee YY ee ere. ss ee. Amphibolite...........2.. oc hy oe @) 1 190 | 42 | 28 14.3 18. 7 18 
socal WE a ag ee eee Hornblende quartzite. ......7........... (2) 170; 635 20) Ge @) 17 
17480 Hendersony ile... ... eereess Themeleweon ... nu... .. ae... Grigitwai@ eramite. .. 2... 2... cece cecased > Ff © | = 3), Gia © § © 
bl rrr. ae Meitehel]..................... Gia Ness... kk wee cece (2) 168 | Bt | a7' is 18. 3 9 
Lees | Swift ladaad Perry. ......... Meorit@onmieny................ Agephibolite................ eee @) | 185 | aS | 3.8 10.5 18.0 17 
LE Fm roman eee: - sae - - eee eee Sibieeous Glebe... eee ween eee (2) lz . 60 © 30: 13.2 12.3 10 
agg ER ar Rew. =... ..,........, Gneisseid granite... ... ccc caeee @) | 167 ° .5l 4.0 | 10. 0 17.7 6 
16004) ROWE. ................... a ee eee Hornblande'granit@.............. a. @) | 168! 65 | 4.90 8. 2 18.7 9 
19256 ' Mamow..................... Wiemnen. . .---.. 2.2.2... Gneissoid granite..................-.... (2) 3 164 | . 76 | 4.2! 9.5 17.0 | 6 


1 Exact locality not known. 2 Test not made. 
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Results of physi 
f physical tests of road-buildi: ai a 
f ing rock from the United States, Canada, and the West Indies. Jan. 1, 1920, to Jan. 1, 1921—C 
. dan. 1, 1920, to Jan. 1, 1921—Continued. 






























































Seria) Crushing Ab ad i 
a. TUE a, sorp- 
No. Town or city. County. strength, Weight) tion, French 
- Name of material. pounds per ounds Per 
_ | poun coeffi- | H 
per cutie - cent of |S ard- | Tough 
square | foot. | eubic | “®t , ieer —— 
inch. foot. “~~ 
OHIO — 
Vee | ('). 
16660 Sprintild.. a ae | ga ne Limestone. . ... 
16728 ogee, SER 2... | Glen rami gee Micaceaus sandstone.................... a 173 0. 69 4 7.3 110 2) 
Mis Miamiviile........1072777077 ee ae Limestone.....................2. 2s eee. 3 M41) 7.20; = 18.6 2.0] (2) ae 
|| align la mmm =" aad Ser” ha! ee eee wie r= Sd ae > 
en \wniieinaees TN eg ager reser ete Se Poe 6 
m7 | feed... ee a ae Argillaceous limestone ace" oes ? 157 145 | 10.0 i 0 (2) . 2 
16347 —-, " -" es i ee ee ee 20,9 ; 5 : : 6 
16418 ae Do... see eeeeeeeeee te: ee ia @ | ier} ao; as} 93] a 
17079 | Columbus...................|..... oe ma scp Argillaceous limestone =“ i (") 3 5. 44 ie 2 3 i , 
17411 | Marble Cliff. . i ee ae: wee eee eee eee e eee Limestone. ........... . as (”? 162 1.14 5.4 7.4 ia 2 , 
Be a eee @) ) 165) 14] 40) 0.0] th7 Sg 
i pes 2) aati aie 222 (2) ix| 212} 29!) ine] @ | @ 
CS \\ . ee el Lammguee Sr eer te cece eer ee Blast Faia ace inet eiaaeg prc oa ein ken (2) 163 3. 91 5 13. 9 © (2) 
16747 | Watervillc...................| Lie O.. --+---- Sateen eo ie. an ial (2) 148 408 7 (9 3.7 5 
Ie Cs lel alacant ry ee olla | _ - ( 2 5.6 18.0 
16290 Youngstown. + <-- 2 --2 +++ Magnesian limestone.................... 8 13 3.47 io > : 
Geo | Youngstewn................| Mahoning..........22-2202.. est Ge ode 3.4 “al : 
ey . 4 do ena ir aia Bis oasthinge sib ess-s _.| Blast furnace ae. 2 ee es e 163 2 07 6. 9 ie % _ wie 
i I | i ggg oc iceyiie ea ae 20} Rea iirg 12,8 74 aad - 
OO. 4 nnn ian oe PP lag | plaid aha aa oUt . | 2) 2 
tee a waster cece e ee eee Sere Mca ao eee (2) (2) (3 oa mA a ) 
ee 8 ee ewe ands ; ; ? 
pe —4  ............... a ji | en es: oa cai a eal 3 143 6.78 tak — © 0 ©) 4 
7389 |. «(7 nee eee Me Rerat Ray hatte tok «tats a ators ete Limestone ae eae ‘ 138 7.61 10. 5 3 g ; 
eat? | Weodtiie. Sap GO... 2-2-2. e eee eee Argillaceous limestone.................. () 168 26 5.5 2 27 : 
ae | ; ceot GO). ........ si 6.5 6.2 Nes 
| ee eo ee ere |) a4] 1.32| £7) 85 i ; 
OKLAHOMA (7) 162 2 5: 5.8 6.9) (2) 6 
161: 1 
et ee ee Limestone 
a (SR Fossiliferous#andstone.................. (*) 166 1. 46 
ssiliferous s stone... 4.9 8, Sars 
ie) Oy... a tae ie ae are Caleareous mieten ” e7| i2o| £9] ao] 17 : 
17057 | Gowen......................| Lat: GO... .--.----.-+----- +e Argillaceous limestone..........-.--- ag ee lod 5. 32 6.8 1. 9 7 
WO08 | (1).................-.------ - ie ~ 5 565) .oe c See ee Sondstone.............................. e) 158 3. 69 6.1 6 6 re : ; 
ipa <<... | ae awe Be ees er essa ~ sos). ig ee A 143 > 02 15.8 25] (2) (?) i‘ 
ls eM |e en te OOO t.. odo atiae 156) 1.72 ges) ae | : 
15957 | Hartshorne..........2..--- 4) le ee ee re a | le 17 245 Is 3 12 
15510 | Garnett..................... Tillee. Bee ---- 2-2 eee eee eee Limestone. ...........---.ecece cece eee ee oO 155 2, 28 4.9 n2] (2). (2) 
— ane Springs.......-..-..--- —. ee o io encase bei . ae ns 41 9. 8 15,7 5 
57s aaa, are: a] a ale Bc | pikes & 4.2 9. 2) 
15789 |... Tet rn ees ae ee CCl Ce aque: ah a aa? Argillaceous limestone.................. es 159 2. 63 2.0 a . 0 (7) 
Haag | Tost City... ss. |ec eee eee ee A cea (2) 61! 1931 58| 69! 130 5 
oe “ay es ss ean Limestone......................:.. 222s. . a LF, 5.7 7.0 12.7 ; 
Pe eee ate Oe ies... eae oes te 3. 03 a7 7.0 2) 2) 
naam Comaivepeies. ane te ae Argillaceous limestone........0.-2-2 0. 1] 250) 74| £41 133] th 
Oe ee eee re eer 163} 1.59) 6.0| 6.7) 12.0 6 
PENNSYLVANIA ee 166) 66) 5.1) 78] 13.3 7 
16012)... 2 
Ahaha aaana -+++-| Adams................2-0+-- Diabase 
i tt Armetrone .............-- ens eee 1 eee) - 5 
13087 LD ghar memes Le trees i Pe aac ee (mia Wiemann eee: St +s +S 19, 470 ra = f 3 ay : a f 34 
| en —- oe MOTE. - cee ee ee eee ee eee eee eee 2 2 ie ; 7 * 6 
or Donaghmore..............-. meat ee Diabase............ Bee eos 2 a Se 3.0 13. 3 a (?) 
ine ia |paue a ee Lehigh...................... vue PRTC tEEE: 22. sees ices --.. (2) e ey 2.3 17. 4 (?) (7) 
faanlpellemet Montgonnery. 000000222111.) Sllevoas sate 21000. | a3| Zao ami] 23] tas) © 
Pas S- pUvon.........-....- Blast furnace slag...................---- a a Pe 4.2 9.5 18. 0 10 
Pere | = | — 139 ». 19 20. 2 2a 12. 3 3 
1545 
5453 Trenton BOOB 8 COO Ce Oe Edgefield = es so ee Biotite granite 
ea ae ee (@) 164 74 3.94 12597 @) ay * 
16017 | (1) ; 
(ond re Tripp. 
_ SS 5 es Ce Bees Co Geta one ee Oe icp ene 
ae a ee b.nie a Fe 149) 1.06; 93) 4.3) 16.3 6 
16465 |.._.. Seniesa | malas Siliceous limestone..............-+02---- B : | ae 8.6 £7] a 
-o-[-----GO..-- ++... 2 eee eee eee Tuffaceous limestone................... a L44 4.19 24.8 1.6 5.3 5 
ee i See ) 138 | 6.12{ 10.9 a7 () 7 
15 sri : 
19275 eee 01 || mene 2220 Siliqnowms Ato = oa ----2------+-- | ©) 90 ; 
17507 Clarksville | Sa win! ........ a — limaeetOhG 4.2 .............. (2) mi | : 97 ©) (?) 
i opper Wd ee ee cw Pollen 00.0... cnn. LL rE Oi occ 6 nie meee oo aoc (2) e * ar 5. &. O 15. 0 & 
Se aa Smeltemslag.............-.... (2) an ae 4.9 8.2 9.7 5 
TEXAS. ice Ok 5.9 7.3 (7) (2) 
ee a eg oe Brown..........-..--+--- Argillaceous li 
ia OL a ......-..++2- Gillespie............-.-.---- con, ila eae (2) vee |) due) 168! 6a) 
i608 | Grosbeck 2.0 220020000000. Wwlamemos Ferruginous sandstone. -2.0 200020000207. J Gel GS) ay RE » | aw 
nim |...) tiem... Siliceous limestone.............-22-2--+- (2) i? (P| 5 19} () 11 
loee Meadisoreenile wn Meio. ............, So me 56 co ciokeneen) (2) 164 4 x oe ea baa : 
“07. a. ee ae SamgMORe a eee eee neon 4 “i “ 1%. 4 19. 3 g 
17080 | Friendship.................. — weet eee eee eee e ee Ferruginous sandstone................-- =) +. 5.8 6.9 13. 0 9 
17020 | San Angelo...............-..] fi(@ieeas a ,  E, Seemnere, See (2 Li E 5.7 7.0 17. 3 i 
eee: l....-..----+-+5-s| Jeinestone conphenreratec see 4 i. ra ay L? 12.0 4 
a ee 165) 1.21/ 5.6} 7.1] 17.6 5 
ie0ge)| Brawm@on................... Rutland petit 
.. i... . cae... - - cape Mee... soe ss 
Piasahe o aueais. cu erate (2) (2) (2) (2) 2 : 
VIRGINIA ” oe ) 
een — ee Albemarle Amphiboli te 
RO | dN Oe acco c ccc cceceeceee 1Le 
REE ee * oP. See cS shqip | RP OS A a (2) 182 r 8 6 = 
oe paemeuale ee ea Mitel ome ton eset eae ec teers ecereee terse es (2) He) oe) SRL Ral ay i 
mae eS er Lames... ......00cececccceccee cen ® 82] La) 120] 33 (2 (2) a 
cca VaR 20 a ae wn |e a ade.) 
Se oe veer "| Hornblende gneiss. .......-......--..2--| @) 187 a De 14.3 16.7 19 
aoe 87 .73| 10.0 3.9 | 16.7 4 


e 1 Exact locality not known. 2 Test not mad 
2 Test not made. 
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Results of physical tests of road-building rock from the United States, Canada, and the West Indies, Jan. 1, 1920, to Jan. 1, 1921—Continued. 
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Crushing A bsorp- 
strength,}| Weight! tion, fer French 
Serial pounds | per | pounds canar Ec et Hard- | Tough- 
N ; ity County. Name of material. per cuhie per _— elentof| ness. ness. 
=. Teaaiiaaat aay square | foot. | square | “©! | wear. 
| inch. foot. 
eee | Ps 
| VIRGINIA~— Continued. 
OD ee eee oo eee petiets. 0 es. « - 7 0. fe | aa ¥ L 0 ‘ 
Rly ee oes I ere. re Ss. Aaa ; . 68 z ‘ 
TMM) (lye... - ae ove os "| a ena ae eee «. Siliceous dolore Pe ee . ee ‘a | +e ae ei @) 12 
j6ewe | Buchaifian................... Bote... .. 2-2... 2.25 se wengategre STE... ees cee we es ia ce ee; op at = , 
19452 | SaltpetreCave.............--|-a0c8 RO canes chara oie aE ee = Ri ee (2) | = Hy gol @ “ 
Haeos | leyanelilre cs... ... 6. ee Co) 0 ventient ee 3 2 1 ee #0 re ”) A 
Vagee |....- 3 | a ee ree |S ) ee ree Hornblende schist ............--..---.-- : - Be ie eS i 
fied | CO). «|... . 0c Caswell. .........---c-eeeee- Gama NMOISS.. 2... eee eee eee ” 6 49 4.5 ce a ° 
yewee:| GlaieWGod ................... Diolmeen. . .............-2. Geleareonesandastone.................05- ” 158 2 FY 5.0 . , ji : A 
Td eg ics, OMe so os ee wns ene ee ss ee ee Feldspethiesandstone...............-.- © ioe fe 2 oa ch (ay 4 
16720 Failiax ...............-2...- MEO. . os aces ccc senie Mica — oes ‘. 7 ha oa a ; 
ms So a ney ae ee 15] (72! 41| 98! 160 7 
ot he i MR (2 7 st} 34] ang] iz7| 18 
ii "2 ee MMOL... occ cea ewes | ai MEME SOMIORUE Gn oo ee Sewn k oeunees ? ee : a ee ”% 2 a 12 
| ok mo Gen eg is1| .72| a7] 34] @ | ® 
i: eect: | do Bo. es aii epidote schist.............-...- @) 14 52 3 . 12. 5 17.3 24 
Meeeer | >. ....2bs.-.. nese ne Ce | IRS as ; 3. 3 
A030 | Merslwell.............-..-----|...-- ees. Altered cee Ree ss «seer eye (*) 164 og 4 1. ; re. : 4 
(dl) een eee (CO ‘ NS Fe een (3) es i. = fh me 
Waeee | The'Pidins.............2.2-cfee- BO vo 65 ee, oe Hornblende epidote schist .....-....-..- (*) 5 9. a ; (3) 
16309 |_.... a re Mes, aed CT leni eere pO Ue SCHISE oan. ss... sce ees (*) 184 iz Dae f ”? £ 
16310 |_.... Oe i cc en SS — Cpldovemseimeal:..... 2-2 5-e: - , 4 ‘. : 6. : @) 

Baers. «2200 a fetgece sss ne BD 2 Seas < ses a bos ——— eee sca nical 307i . . 
ead ee eee < ee ees: ails epidoteicehist............55.2.. ” ie 3 4 9. 1 ©) ‘ el 
17086 |..... a, et Men | Ce rr (i i Poe M7 5. iva 3. 
luglea | SimathmGgec...............-.- Fig 2c 2 aoe we. 2s CUMGIMMESGHIst... oes cer eee: (*) 7 33 3.3 12. 4 a 0 ” 
19819 | Richmond.............-..--- Elaoee 2g oon ees an et Limestone. ..........-..22--20---2eeeee- (°) iy 7) fal aes F 
ee ee ere Oe Ce ss, ee Gar Biota Pramite. .....0. 2.2.2. .22 2.22 se (°) 64 : 4 4 1 al w 
Tee | Woe beties. . 2... ce eee DSM o's. ss De eee eee Limestone eonglomerate........... ee (2) 175 oo 9 3.8 5 i ' i 
oe CNG... oan ass scare ena eee Galeoreomesangstone..............-..+.. ( ;) | 2m 3.4 11.8 bs " d 
Tee) | Wcoeeh mee. ......0. 2002-4 eee. .. c ete eae nena ome Chieaiierapmdotesehist.............-..... (*) 188 1. 20 ae | - rE s 3 
15400 |..__; AO ee ee ae SS ge ee: Crystellinelimestone.................... () ie : oF 6. : a x (2) 
if@e! | Luckethe.................. oid | Re Conglomerate. ..........---.-+---+------ () Vig ae aa ie ' (as 
fea; | Belrwont/Patl...............-.- ™ ee er ii, Ce 4 ta 2 He ‘a3 . (2) 

M48 |..... a eee eS. ee i eee eee , L 4 
16257 LIONS: .. 5 - + ---- ee Gs, « ., «nee sateen ae Eile COMplgmgerate. 0... 22.6222 a. 2. O ‘ep 2 ; i 2 i ® (2) 

Lo |  ommemnGu@emper: ows cckebvervess cos. oc a: cos CLIO = ee ee | eee LL) aaa. as a metre 5 7 te SSE aye ROBE EA oh a net 
eae: ome ee SO a @) | 175] ‘35| so] eal @ | @ 
WeOOs | Wiveiie BBl].................. a eee en AMGCTORMIGIR GON... 26 e ce see eee (*) 171 1. 60 9.3 : a + 
15995 |... ee eee a C@e . . 0: eeeees cee - aa Amaphiinolite 222-2. ---2--2022- (2) 192; .61 2.7 14. i. 4 A 
1 Oded | Comm. cece ces DR... peekeeny es Be Pepa ica maecole... ..............-- (*) 148 3. i 18.0 +; ee ; 
a ee ee - od Se ere egg TE, RE NE ee (?) 167 71 6.8 5. 9 a i 
be, ns URS creer 8 ae I OCMMNG VII UOT Gs ie ne aan na seen ae () 168 . 35 5.3 7.5 J 
16025 |..... ie. .... . Mees) ss cae ane On 2a. <= 2 ee ae Argillageous limestone... ..........-....- (2) 170 . 24 5.4 1.4 15.3 Py 
WOR... Gap... .. eee oss. .  r CS. ae nilieesumelay lmestone..............-.| @ 165 . 20 4.6 8.7 14,7 
Meee 8 OO) >... eee. ee Ss heel ee 2. clseeous limestone............--2.--.04- (2) 169 . 26 5.0 Rg, 0 13.3 17 
fies | aeciihidtittiee® Tiertisadie 2 faeiiaacsniiaie ee © | ip) 2) gal gale ae 3 
16503 | Herrfsomitiiteg..........-....- Oc il) | ig eR eee... bE 03 ; : 

Wee 8 Ms... ee ee eee - Se) bg i | an eS do. Mee. fe... sa eee Geese ee (") 173 . 38 2.8 14.3 6. 3 : 
i? a ee eee | Be re. ae Dolomite....... We ee @) 173 81 6.7 6.0 8.0 , 
16262 |..... we... Seo eee... SES POW. Ses a ee 2 Silleseuedelomite.........2.222...25-05- (2) 174 . 67 4,9 8.6 (°) 0 
| 2 eee eee «=F OW cacao eee ee VON oo ois oo 2 Sl (” We a 7.0 iE a é a) 
i CL a ee ee ae Quartzite. =. = «+ eee eee ee ae ee ) 1 2 4.5 } Ff . 
WOO, | Awe oe... 2.5. ....--. 0 Oe enna Linvesteme........ Rs 5 + ss (*) 167 | 9.02 5. 6 ia (°) 4 
16008 | GroaeclOse...................).-<-- (0 eee Oe ee Seen an Argilleseeus dolomite..............-..-. (2) 173 1. 41 9.0 4.4 ” : 
WY | tal leiee. . 2 cs ss - ao BLO. 2 a. ccalecttele nity ae LO ecoumees OOS ee ee (2) \74 . a 5. 8 6.9 © { 
Meee ())... ck), eee ee ee er ee TOM SWRI on ee 3 = os isle icie (2) 169 58 5.4 7.49 iB.7 P 
agai | rolstien..................... Washington. . oo soe- esos} Mepmullaeeous HMGEOMe: ........-522....- 2) 168 15 4,0) 10.0 16.9 : 
M6075 |..... ores | Lee a eres. pineewme Ips ONe.. ..-.-.. noes (2) 168 . 58 a. 7 7.0) 97.3 : 
16178 |... OGG. . 4 be oe ee ee ee Argillaceous limestone. ..........-2..... (2) 169 55 6. 4 6.3 10. 0 6 
ee) (i) Ae... 2... eee rene 8) een Oe... @) mo) de 4.9) 81 © ‘ 5 
Be ee ee MR. ww wes ne os eee os cslooeee Ogee tite hs sas see |. ee (2) 169 £0 4.7 8.5 ; ‘ 

WEST VIRGINIA. 

oem | Clatlesilirp.................. PegMh 6 eee. Feldspathic sandstone. ..........2...22. (2) 154 4, 34 4.7 &. 5 10. 0 ‘ 8 
15988 | Kearneysville............... WOMOMMON ccc eee ees Lite. ts ee cee eee (2) (2) (2) 4,8 8.3 (2) (7) é 
16209 |..... Dl 8. WM. ee ahs on eee aes Cte ene ne me See Argillaceous limestone.................- (2) 169 ie 4.6 8, 7 14. 7 : 
16384 | Prineeton.................... Menger. ............22...--02 MNOHOMO. ss eee eee eee (2) 156 2, 80 3.9 10. 3 (2) 

ee} C1... ... .. 2... eee eee ee re a limestone...................... 4 a ‘a ie i; ie i 

. 3 ee CR 55 Rea io “1 5) ET ] Rf 4, j L 
13S ~~ ed fe oe ee ae ( cere Oe (2) 170 Bik £9; 8) ia 13 
\ol6 | Surveyor..............------ Biadeiah ... 2.2... ceca seeds ens Sa gr (2) 156 2. 64 3. 4 11.8 i. a 10 
vemes | Gramiiierry..................].-... Ct SE eee. Peldspativic Sandstone................... (2) 159 Zo 8.0 5.0 i.d 3 
Mae | eeaey. ..............-...- ee ee) ee eee er a. (2) 151 3.47 5. 1 7.8 (?) i 
Geli | Prigesitil!..................0-.. ee) ee COMO. ee eee cee nces (2) 152 2.74 6.4 6.3 (2) f 
ime | Fresperity..................B...: Eo. |e Mee. os 4a < orsa sa San ee (2) 156 1, 96 4.4 9.1 16.3 10 

: CANADA. 
| ; : 
mee83 ; Dundasy...................: Onterio Prowiite........... WGWaMAINOD 2 wwe Pateece bee we (2) (2) (2) 4.1 9.8 15. 0 13 
16924 |..... er fh. ce. HP ie. Es as oe oe ee (2) (2) (2) 45 9.3; 14.0 13 
‘DOMINICAN REPUBLIC. 
15864 | Dominican Republic. .......; Santo Domingo Province....| Crystalline limestone.................... @ | <Aj1B) 65 24.0 Li, @ oe iH) 
[ae |... ee [a Fragmental basalt...................... (2) 177 . 97 3. 5 li. 4 18.7 ll 
Gl re ek. eee cic oss ea ae. oe ee ir oes ce cakes Tuflaceous limestone.................... (2) 155 3.01, 11.2 3.6 (2) (2) 
i / <a ee Se, OE eet OT Oe ih wn wean owe Crystalline limestone. .................. (2) 170 Say (2) (y % R.5 6 
LGnO1 )..... ee a 0 eee Argillaceous limestone. .._.............. (2) 17s 4.13 6.3 6.4 IQ 74 3 
eIG3 j|..... ee ea ee AlPen@ClMMGlte wo. lk cece cee (2) 179 1.14 3.9 ll.4 16.7 | s 
Tow4 j..... Ce pose Er Adltened sntidesite........................ (2) 177 1. <6 3.9 | 10.3 13.7 10 
_ _ aR a 4 — a ——'* — 
Ven laaakic’ not known. -Test not made. F 3 Classification not known. 
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STATUS OF FEDERAL AID, APRIL 30. 


NDICR construction and completed on April 30 


there were 22 


to girdle the earth. 


22,210 miles of Federal aid roads, 
almost enough if connected into a single road 
About a quarter of this mileage 
was in projects which had been entirely completed and 


the balance in projects still under construction. 


fair,idea of the progress which had been made on the 
uncompleted roads is to be gained from the fact that 
the reports of the district engineers indicated that 50 
per cent of the Federal money set aside for them had 


been earned by the States. 


Minnesota with 597 miles leads all the States in 
respect to length of completed projects with Texas a 








clos 


A 


tracts. 


e second. 


In amount of work under contract Texas 


leads with 1,622 miles, followed by Nebraska with 1,171 
and Minnesota with 1,147. 

Of the total apportionment to all the States amount- 
ing to $266,750,000 for the five fiscal. years 1917 to 
1921, inclusive, almost two-thirds had been placed 
under contract on April 30; and there was a balance of 
shghtly more than $100,000,000 available for new con- 
If contracts are let during the present season 
at the rate at which they were handled last vear, the 


last project to participate in the present appropriation 


TABLE 1,—Financial statement as of April 30, 1921. 


























Federal) aid 
in work Federal aid a aie 
State Fee me 1140 under con- | available for | eee 
, Federal aid. | struction. Hew con pleted work 2 
; and . tracts. d , 
completed.! . 

Coe |. OMAR] | $5, 776, 552 $1, $34, 410 $3,942,143 $1, 535, 465 
AWI@@MA............ SSR ae aoc Ae 3,771, 351 | 2, 800, 686 970, 666 | 2, 159, 902 
PUSS. =. eee aga ee 4,619, 929 | 2, 913, 773 1, 706, 157 1, 732, 309 
ee ee S, 384, 354 | 3, 445, 208 4,939, 147 © 2, 554, 064 
ee es ees Ti ee nae | 4, 780, 064 2, 070, 746 2,709,318  @ 1, 453, 028 
CUM = ge a ee cee e nese enees 1, 689, 324 | 981, 823 707, 502 ! 303, 782 
Ee ee oes ee ewes = 447,655 | a 399, 055 
pe ee ne 3,150,112 | 2, 605, 601 544,511 1,081, 878 
Geerde.......... oe en eg = ae a ss 7,407, 579 6,777, 174 630, 405 | 4,554, 152 
T@@hors........ csi SER tas «:< iavsin 0's 3, 360, 389 | 3, 043, 750 316, 639 2, 008, 016 
SE 12,024,267 | 11,603,774 420, 493 8, 220, 428 
Oo oe 7, 415, 293 | 2, 695, 235 4,720, 058 1, 275, 815 
NP 7, 939, 343 | 6, 340, 334 1, 599, 009 3, 713, Oot 
a 7, $95, 309 ; 4, 488, 166 3, 007, 143 2, 521, 162 
IE oe. ee ee ees 5, 370, 065 2, 775, 497 2, 394, 568 1, 408, 326 
ee. oes ee eee ee eee, 3, 742, 525 3, 730, 264 12, 261 1, 957, 762 
RE a 5 2,645, 964 1, 506, S22 1, 139, 142 793, S28 
cn ee ee eee ee eens 2, 390, 749 2, 030, 730 360, 019 1, 701, 360 
| ee ee ne 4, 052, 565 1,941, 713 2, 110, 852 1, Payor 
RES 2 | 7, 961, 296 | 4,374, 294 3, 587, 002 2/206, 712 
OS | 7, 815, 333 | 6, 813, 159 1, 002, 224 4,881, 404 
~~ e e erereere | 4,951, 542 2, 099, 391 2, S52, lal 1, 225, 077 
0 ee le ee Ao 9, 322, 076 | +, 536, 874 4, 785, 202 if 935, 830 
ern | 5, 498, 827 3, 311, 458 2, 187, 359 2, 207, 418 
ee iv ew ew eee ese ve assesses 5, $66, 762 | 3, 256, 505 2,000 197 2, 956, 501 
Ro ne ns eee eee eee 3, 527, 276 | 1, 258, 384 2, 268, 892 1,010, 040 
a 1,143,089 | | 894, 290 248, 799 798, 48S 
0 en eee | 3, 265, 299 1, 421, 024 1, S44, 275 1, 143, 795 
ee 4, 389, 795 2, 044, 490 2, 345, 305 1, 313, 619 
New York...... a re Joc (Spee 13, 688, 802 2, 066, 838 11,621, 964 277, 394 
WMI... eee eee 6,270,691 | 5, 771, 437 499,254 | 3, 574, 083 
ons Wee. ....................-.-.------- eee 4,222,488 —s_1, 707, 90S 2 514, 580 1, 216, 871 
RM se cos ec cin cee oo ees enn e cde 10, 202, 948 | 5, 361, 739 4, 841, 209 3, 10S, S05 
i GO Tee eee 6, 338, 246 | 3, 167, 629 3, 170, 617 1, 328, 696 
nn cE ee ene. 4,332,178 | 4, 130, 684 201, 494 2, 935, 649 
Pe@iisylWailia............... My aco 12,632,644 | 10,767,327 | 1,865,317 | 7, 564, 709 
Tee... 2 nee ne ee ee eee 641, 166 | 450, O81 191, 085 265, 050 
meme eee eee | 8, 946, 618 2, 087, 615 1, 859, 003 1,470, 111 
Oe 4,452, 883 . 2, 968, 993 1, 483, S90 1, 444, 285 
Io. ance cans cee tebe en eeeee- . 6, 228, 138 | 4,193, 581 2, 034, 557 1, 234, 554 
3 ER eer 16,100,405 9,783,444. | 6,316,961 | 5, 651, 567 
Utah oo cra ae cee Sera a miles cs -# 3, 117, 206 2, 505, 621 611, 585 797, 905 
ee ees 1, 242, 104 | 500, 379 741, 725 184, 823 
I oo kone seen ns Hw aewe ered 5, 451, 730 | 2, 946, 337 2, ee 2, 

cok oS ncn te ss se secimistee o> --- +98 3, 971, 676 | 3, 885, 517 86, 15 , 661, 
ee 2,922,504 | 2, 902, 504 20, 000 1, 762, $65 
nay i oo ia re SNM a oa RT 7,004, 281 | 3, 515, 450 3, 488, 826 2,177,617 
J renner | 3,378,558 | 2,695, 270 683, 283 1, 808, 156 

: a ee _| —_ 

,, 266, 100, $98, 341 102, 921, 656 


750, 000 | 165, 851, 659 





1 Includes projects entirely completed and paid for. 





Federal aid 
in uncom- 
pleted work 
on projects 
under con- 
struction. 


$298, 945 
640, 784 
1, 181, 464 
891, 144 
617, 718 


678, 041 


"367, 004 
1, 367, 171 


1,772, 502 
712, 994 





329, 370 | 


705, 201 
2, 167, 582 


1, 931, 755 
x74, 314 
2, 601, O44 


1, 104, 050 


300, O64 


248, 344 
95, 802 
277, 229 
730, 871 


OPA. 
2,197, 354 | 


~ $91, 037 
2, 252, 93+ 
1, S38, 933 


1, 195, 035 | 


3. 202, 618 | 
185, O31 


617, 504 
1, 524, 708 
2,959, 027 


4,131,877 


1, 707, 716 


1, 139, 639 
1, 337, 838 
887, 114 





62, 930, 003 : 


Amounts | 
Federal aid , 
paid States. 


$1, 286, 31% 


1,074, 920 

36, 624 
1, 855, 995 
1, 251, 301 


16S, 647 


308, 035 | 


363, 137 
3,521, 735 
1, 345, 682 


6,498, 117 

978, OSS 
1, 505, 000 
1, 398, 772 
1, O85, 455 


1, 576, 785 
480, 795 
1, 255, HD 
953, 095 
1,411,716 


4, Ups, 387 
827, 275 
607, 947 

1, 625, 606 

2,078, 253 


773, 123 
780, 379 
$56, 626 
99+, 124 


195, 916 


2, 342, 898 
726, 032 
2, 703, 181 
417, 221 
9, 324, 3 


5,951, 68S 
265, 050 
1, 022, al 
570, 211 
407, $26 


2,873, 170 
430, 519 
164, 435 

1, 120, 335 

3, 324, 632 

1, 282, 609 

1, $00, 100 

1, 423, 054 


71, 202, 670 


will be contracted for by the end of May, 1922. 
probable, however, that the average rate of 7? millions 


It is 




















| game 
ederal ai ‘ 
| earned by State. 
; States. ° 
| 
a 
$249,147 | Alabama. 
1,084,982 ° Arizona. 
895,685 | Arkansas. 
698,069 | California. 
201,727 | Colorado. 
135,135 | Connecticut. 
91,020 | Delaware. 
718,741 | Florida. 
1,032,417 | Georgia. 
662, 334 | Idaho. 
1, 722/311 | Uiioers. 
297,757 | Indiana. 
2,208,051 | lowa. 
1,122,390 | Kahsas. 
322,871 | Kentucky. 
30,977 | Louisiana. 
313,033 | Maine. 
446,175 | Maryland. 
283,417 | Massachusetts. 
794,996 | Michigan. 
723,067 | Minnesota. 
397,802 | Mississippi. 
1,327,883 | Missouri. 
581,812 | Montana. 
S7X, 248 | Nebraska. 
236,917 | Nevada. 
1s, 109 | New Hampshire. 
287,169 | New Jersey. 
319,495 | New Mexico. 
S1,47% | New York. 





1, 231, 185 


490, 839 
405, 624 
911,475 
611, 216 


1,613, 021 
4 7,793. 
$74, 074 
826, 72K 


2, 778, 397 
367, 386 


20, 388 | 


1, 047, 569 
337, 201 


480, 256 


377, 517 | 
385, 102 


od 
EEE EEE EEEEEEEIEEEEEEEEEEEEEEEE! 
——— 


31,718, 986 | 











2 Includes completed portions of projects under construction. 


North Carolina. 
North Dakota. 
Ohio. 
Oklahoma. 
Oregon. 


Pennsylvania. 
Rhode Island. 
South Carolina. 
South Dakota. 
Tennessee. 


Texas. 

Utah. 
Vermont. 
Virginia. 
Washington. 
West Virginia. 
Wisconsin. 
Wyoming. 


Note.—Work was put under contract by the States during 1920 at the approximate average rate of 7] million dollars a month; during month of April. 1921, approxi- 
mately $6,452,389 was put under contract by the States. 
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TABLE 2.—Status of construction work, April 30, 1921. 





State. 

















Total 
estimated 
cost. 
PU). 5 wane o's 2 oR eS eee $1, 293, 257 
NNN os on oo ee ee 3, 813, 405 
OO... 2 oe 6 2 ee 9, 142,991 
(EN. cee eee ea en eee 3, 535, 687 
CG . Sn. ce we. be cee ce ot eee 2,990,627 
Comin. . . . 5 oa ee oe ck. ed eee pee ee 2,433, 932 
Tene... eee os ee 210, 148 
Pig@@id@a........... eee ne ery 5, 275, 301 
ce, he rer ee. ere 10,618, 384 
WOT. oo cece cow + ke eo ee 5, 042, 490 
NS eee. ca es oo eRe Se 16, 264, 716 
(MMO, se oe tee oe eee 4,971, 694 
WOOD, ce se oe sc de es de ee ee 14, 290, 668 
CO rn 6 rr ey 15, 118, 736 
TOMB)... ee ee eee See Sener 5,075, 234 
lg... os oe kee ie aw os as 7,828, 106 | 
Mewigve.......... cm: eee 2,687, 892 
Migmewlend..............------ eter ngs emer 1, 589, 192 | 
Mieme@ceHNeObts.. eee eee eee 3, 088, 375 | 
ROI oe eee tas cee oes 2 ee 7,632, 529 | - 
WRI S co os ns oe dew oso vee eee eee = 12,774, 236 
PON) 2 oss sso dob eedewie se oes 3, 867, $16 | 
a. {ee 9,879,849 : 
BUM. ee... on a ee 0 owe ee 4, 666, 138 
RSME). =. |. ode eee. oo wo er 6, 047, 639 | 
NS... sn guises oS Sees avai ae eee 1,989, 340 
GMI OIC... 5. eee cee ewes ns 547, 440 
Newelersey.............. « eee ee 2,123, 030 | 
SINE MPRSICG. 2s... on. en es lees ++ een emees 2,798, 538 | 
TNO ws sna cere ob kre & 4,548,978 
i i 9, 953, 106 
Nierthy @ek@tges:........-... Reo oGus  ke e 3,123, 734 
OR ig iio? «o> = a os 2 12, 263, 122 
8s oo oe Jeans oes we oe eee 6, 157, 083 | 
Ew. in dicic: & sain Ra «35 7,178, 867 | 
Bem VeNIa =... os ees ss. see eee aes 20,199, 571 
Pores Vom. oo. ss Cee oes oe ee ac: 725,447 
SGrmrmioe tie. ee ee « 3, 789, 056 
SS MOPERIOOCD. . .. .. . 5 seen sc ie ee 2 5, 569, 072 
es es es os ee 8,337, 148 
(OM op. Je. sr 21,345, 499 
( See) 6) eee pe ae 5, 111, 465 
Veils... ......... eee sss see: $19,627 
Se I eee eee 4,905, 117 
VWeaerimgton.............-- [IIIA J rer, +00 
WaT RN. cen ce ee ee eee ew sees 5, 696, 355 
REIEEI .«.... «.«.« oe ers eyes a ic mye = a 7,603, 206 
OE INR... ss oe eR wins = oo SR re ee 8 4,493, 846 
ee ee ce cn eae 301, 843, 252 





Federal aid. 





$622, 803 
1, 686, 275 
2° 747, 590 
1, 767, 837 
1, 464,613 


928, 823 
54, 000 

2, 497, 906 
4, 729, 833 
2, 353, 940 


7, 048, 638 
2. 447, 276 
5, 711, 484 
4,383, 341 
2,441, 376 


3, 292, $56 
1, 246, 352 

686, 187 
1, 410, 402 
3,612, 637 


5, 043, 776 
1,714, 341 
4, 408, 550 
2,254, 164 
3,000, 643 


993, 375 
273,719 
717, 740 
1,399, 269 
1,926, 219 


4,776, 836 
1, 561, 733 


4,023, 097. 


2, 966, 021 
3, 198, 190 


7, 278, 677 

296, 995 
1, 543, 761 
2.772, 196 
4, 167, 644 


8, 263, 755 
2,474,951 

409, 813 
2, 432, 602 
1, 186, 630 
2, 500, 955 


2,675, 676 
2, 146, $49 


127, 591, 366 





Miles. 


17, 529 


Projects under construction. 





























Projects on which construction is 








completed. 
State. 
. Total 
Per cent | Federal aid wile ee —— 
complete.| earned. — Federal aid... Miles. 
| _— ' 
52 $323,858 | $2,471,168 | $1,211,607 285 | Alabama. 
62 1,045,491 2, 282, 569 1,114,411 117 | Arizona. 
57 1, 566, 126 413, 096 166, 183 67 | Arkansas. 
50 876, 693 3, 388, 146 L677, 371 187 | California. 
58 846, 895 1, 254,787 606, 133 89 | Colorado. 
27 250, 782 | 120, 232 53, 000 5 | Connecticut. 
10 5, 400 1,719, 668 393, 655 28 | Delaware. 
39 974, 183 215, 389 107,695 27 | Florida. 
53 2,506,811 | 4, 400, 785 2,047,341 222 | Georgia. 
56 1,318, 206 1,397, 135 689, 810 149 | Idaho. 
52 3,665, 292 9, 292, 755 4, 555, 136 286 | Illinois. 
42 1, 027, 856 505, 752 247, 959 13 | Indiana. 
54 3, 084, 201 1, 538, 376 628, 850 152 | Iowa. 
46 2,016, 337 1, 470, 659 504, 825 32 | Kansas. 
: 44 1,074, 205 711, 405 334, 121 28 | Kentucky. 
46 1, 520, 354 935, 146 437, 408 112 | Louisiana. 
45 583, 358 420, 942 210, 470 19 | Maine. 
52 356, 817 2,748, 448 1, 344, 543 100 | Maryland. 
50 705, 201 1, 105, 636 531,311 43 | Massachusetts. 
40 1, 445, 055 1, 567, 284 761,657 94 | Michigan. 
62 3,112,021 4,127,630 1, 769, 283 597 | Minnesota. 
49 810, 027 792,012 385, 050 106 | Mississippi. 
41 1, 807, 506 333, 167 128, 324 30 | Missouri. 
51 1, 149, 114 2,190, 997 1, 058, 304 149 | Montana. 
90 2,70), 579 717, 046 255, 922 73 | Nebraska. 
75 745, 031 540, 559 265, 009 79 | Nevada. 
65 177, 917 1, 246, 104 620, 571 85 | New Hampshire 
61 440,511 1,551,636 703, 284 41 | New Jersey. 
48 668, 398 1, 290, 443 645, 221 130 | New Mexico. 
7 136, 775 281, 237 140,619 10 | New York. 
54 2,579, 502 2, 344, 796 994, 581 189 | North Car. lina. 
69 1, 070, 696 292353 146, 175 1z2 | North Dakota. 
44 1,770, 163 3, S27, on7 1,338, 642 128 | Ohio. 
38 1, 127, 088 412, 863 201, 608 7 | Oklahoma. 
61 2,003, 155 1, 447,574 932, 494 | 138 | Oregon. 
56 4, 076, 059 7,772, 444 3, 488, 650 192 | Pennsylvania. 
38 111, 964 308, 404 153, O86 10 | Rhode tsland. 
| 60 926,257 1, 162,697 543, 8d4 103 | South Carvlina. 
45 1, 247, 188 393, 598 196, 797 45 | South Dakota. 
29 1, 208,617 54, 738 25, 937 2} Tennessee. 
50 4,131, 878 3, $55, 768 1,519, 689 545 | Texas. 
al 767, 235 61,340 30,670 9 | Utah. 
23 94, 257 181, 131 90, 566 10 | Vermont. 
68 1,654, 169 1, 0S, 429 513, 735 g2 | Virginia. 
81 962, 946 5, 697, 351 2,698, S87 259 | Washington. 
Sf 1,361,316 $58, 579 401, 549 37 | West Virginia. 
50 1,337, 838 2, 535, 322 $39,779 221 | Wisconsin. 
59 1, 259, 735 1,097, 995 548, 421 207 | Wyoming. 
50 | 64,661,363 | 84,342,878 | 38, 260, 293 | 5, 681 








NoTE.—Ratio of Federal aid to total cost in projects under construction equals 42 : 100. 


a month which was reached last year will be exceeded 
this season, and in that event the last of the money 
will be contracted for at an earher date. 

That the States are meeting the Federal Government 
more than halfway is indicated by the fact that the 
ratio of Federal aid to total cost in the projects under 


construction is as 42 to 100. 


One State (Delaware) had placed its entire appor- 
tlionment under contract and will not be able to initiate 
any more new projects unless there is another appro- 


priation. Louisiana and 


West Virginia 


had 


CoOnh- 


tracted for work which will leave them only enough 
Federal aid to apply to about 2 miles more, and sey- 
eral other States have only a small proportion of their 
total apportionment available for new contracts. 
more advanced are Arizona, Florida, Georgia, Idaho, 
Illinois, Lowa, Maryland, Minnesota, New Hampshire, 


The 


North 
ington. 

Illinois leads all the States in the amount of Federal 
aid in completed work, with $8,220,428. New York 
with a larger apportionment has earned only $277,394 
of its apportionment by completing work. 

The above facts are revealed by two tables prepared 
by the Bureau of Public Roads and reproduced herein 
as Tables 1 and 2. Table 1 presents a financial state- 
ment as of April 30, and Table 2 shows the status of 
construction work on the same date. Similar infor- 
mation will be published monthly hereafter, replacing 
the customary statement of project agreements exe- 
cuted during the month, which was discontinued in the 
lastissue. The usual statement of project statements ap- 
proved will be continued for the information of contrac- 
tors and others interested in prospective highway work. 


Carolina, Oregon, Pennsylvania, and Wash- 


OO 


FEDERAL AID ALLOWANCES. 


PROJECT STATEMENTS APPROVED IN APRIL, 1921. 

















! Withdrawn. 
? Revised statement. 
3 Revised statement. 

















Length 
, State. a County. - 
miles 
Ailaipemmins. ............. Oe) Wableer........._......90gee5 19, 59 
Creel. ...... .......- MG | Neo me..................... 32. OU 
| My |... se ae. . 2a. 3 ete 4.11 
@aitioriia.............. | OS | Del Nepte................... 3. LSO 
70 | Momdocimo.................. 13. 060 
| Ol | WAOROC. 2... 2. ck ce eee 17. 110 
72 | lows — OS ee |e 
Us ONT, tee he ates Soke oe ae 
| 74 | San foil MO... 2.2. sees 11. 250 
77> | Eliaptimelt.......--.....-.---.. 10. 640 
| Ws | Memeboeging.................. 11. 970 
@olorado............... I 9. 875 
Lo es 2.075 
74 | Sai Jnen-Ouray........... a 3. rou 
G@ertiay ............-.:, 2 | BYOD-Homstem........ 2.2... 2-)6. Sc eeeees 
Ioansase........ eee: ; G3 | N@@sliaos.................... 14, 982 
ol ae SU OM an he ste Lee A i'5, 302 
Kentucky.............. 5) | Henderson.................. 29. 400 
Massachusetts.......... WG | Nowrotk -_............-.... . 549 
Minnesota | = ee Jen | Wiemeax...................- 5. 490 
PpeMisippi............. i | Romboboc.................... 2 12. 050 
Maseguri................ Wee |) Wig... eee eee 2. 250 
BiOMtaiiil.......-..-.--. Mee “COGOM  .. ccc ccs cccnseescaes 15. 000 
We GE Ske ccc ets ese sss 16. 000 
Meee) ClUSMer: ..25.--5-2---.5..---.. 36. 000 
Tey |....2 eR ec da « 22. S00 
ee it - i e  o  e 9. OOO 
Mlepraska............-..: eee) intl... . . « digia a dc awe «co 18, 250 
>| Peeves-Penwins...........-..- 1 41, 500 
ed MOMMY no ease ee eee 118. 500 
CSE: 1 25. 850 
Sith) Ay = 2 5 ee ke ee ee 3 28. 600 
WeDrasha.............. Soy | Wench. ......-----ssccccas 1 22. 200 
ot | A@emur-Keitiie.............. 1 27. 800 
Me. Pon re 1 6, 250 
LN 2 3 32 a0 
; 114 | Hitcheock-Cundy.........-.. 1 20. 800 
| a ee 1 13. 100 
Ie | Siheridatielawes:............ 1 34, 400 
OR | RD ne ee ee eee cea eas 311. 740 
Wee | Weeeey. 5... eee sec ae dees 1 23. 400 
131 | Rawnee-Richardson......... 1 24. 100 
a) | ME inc ne we ener sane eee 3 $1. 000 
er | (ee ee... es - 1 11, 800 
44 | Mormil-cottsbiiii........... t 16. 400 
148 | Gosher-Frontier............. 1 36. 800 
| Cae vemiae.....o0.-.--+--5--- 1 36. 300 
May | Seward-btiver........-..... 1 24, SOO 
ee?)| uO Ee . a oe we ee eee eee 1 26. 807 
PVGWGIG.. ....- eee wc MOMMN ce eee e eee ss 11. 640 
|) ee DMD canted are ae Sere eek ne aS « 12. $350 
| ea Mee eee cede tere relates 15, 430 
a4) Varese Pine. ..........--+...- 21. 700 
Bye JCVSCY. .........2-) i 0 5. 420 
ee WelemiGG@s......... Me | ee Ur ee oe cas 23. 000 
bo | Mona Ana.........-...-.-.-.. 7. 000 
I 3) 9 BNA tials «<5 - 4 = 2 ciniele aioe s 5. 900 
1 Mee Phe Na. ws wes ee ee ees 5. 830 
MME | NMRA are e sa diees ee ees 3. S70 
bez /....- LCS ea Sse Se 4,235 
i> | Mienip@mery................ 23623 
MIO... .......-----00ne fee | Pete Ol)... oe. ee ese eee 2. 530 
NE a's cine a ca we ee 3. 043 
fee | Cosiigumen........--..s00.c.. 4, 043 
ee) ECOG... exc c cca cec cna’ Be 4 
eee) | emera jw... ee ee eee eee eee 2.576 
Le 4. 497 
Wee) SLO. osc cee ctw wee cunss o 2. 000 
PBR a eee 3. 922 
ie? | Entei. .................. 2. 007 
es |... .- eee ee 4.075 
Ws | DPavoniig..............-.... . 860 
eee | SO. os os ce Soe eee eee pee 5) 
We | Peon. .....-..-..-...... 4.677 
194 |..... i. eae ee 2. 991 
ol ae. . ee? cs 5. 240 
ae. 5. 374 
fee | Fremkiim...........-........ 3. 640 
ORi@nOMma.............. 51 | Muskogee-Wagoner..........).....-.... 
= | CMe. .....-- 2 -----s--- 12. 000 
GMS. a) | Yee... --. 2. -....5.-- 7. 680 
=|... oe 51 OR ee? on 5. 900 
Pennsylvania.......... i | eee... ....--.-- 2-005 55..- 2. 154 
peuvm Carolina ......... @) | Wemmiijeng.........-.-........ 4. 242 
South Dakota.......... | Dewebwe: ................... 12. 380 
| DewiQwe .....-...--...... db. oe ce 
Téentessee:............. | MR On. godless e. « &, 280 
| PQMTS OT me... see. 6. 655 
i | Iewidson................... 2. 340 
Ws... -.-.-----s-e ee | Vonpet..........-..-------.. 10. 000 
OS ee 11. 100 
me | Wayeite......... a Ee - 7. 290 
Vermo@mt............... > | WiwdWwam................... 2. OOO 



































Project — , ' 
Ty pe of construction. statement teed F in 
approved. ail oo 
Oe... 29... :....- ae... SR eee. s Apr. 28 | ! $21, 205. 66 | 1 $10, 602. x3 
ve a Rt a oe ey POR aL Ue hs, ee ae & 1, 109, 128. M 554, 564. 05 
— We Shr a eee ee ee io oa on ee. 133, 478. € 66, 739. 03 
Rm ar eye SN ree yaad eR Gu sc a «a so aOR Apr. 20 eG, 715, 00 59, 357. 40 
a oe Se «ws des... 285,615.00} 142, 807. 50 
RON a oes see ee do...../ 219,670.00 | 109, $38. G0 
— orn) Pa per yn Shea le AD ey Oe a Aor. 16 231, O00. OO 115, 500. 00 
_ ee ee ee: Me cm cee Me 
IE RIN EE <3 2 a Apr. 5 259, 475.41 | 129, 737. 70 
test Re ee ee es a RRS AE 6 KBR Apr. 20 2» 566.00 | 140, 283. 00 
ele ee aro nisin Soo ae ee vo 2 eee 256, 850.00 | 128, 425. 00 
Sand-clay RS RR ca ee ae Pe Apr. 21 95, 118. 51 47, 559. 25 
Oa agg Eh sn, A ea ee a een Apr. 20 88, 466. 40 41, 500. 00 
I cetacean g 5 ai 67S 2 pa ght is cag Se Spal Bw Ste Apr. 4 119, 807. 33 59, 903. 66 
Reemafoneed Concrete DIidge. .. 2.0... ccc cee eae e eee ees Apr. 12 54, 907. 54 21, 224. 62 
en Fe ip cic a sae ea a rr are rn ee. cee Avr. 25 1 93,654.71 | 146, $27. 35 
Soong iON. a I aes ra = win! 9 oe aw ota ce Meee ata! on <~ ac ee do.....} 1 116,311.34 | 158, 155. 67 
igi alyak ne nme Apr. 8 | 678,810.00 | 339, 405. 00 
Reinforced concrete............--ccecccccecceeeeseceeeeees Apr. 28 40, $43. 71 10, 980. 00 
Conereteslab, macadam shoulder.......................... Apr. 14 156, 320. 78 75, 000. 00 
i es pas ea area os bd aicro urns woe see See Apr. 4 | 239,170.77 | ? 199, 439. 25 
os aah ee a ea Apr. 15 28, 435. 00 14, 217. 50 
= ie nin i een ee ie eee oe Be ae Ee Be 
Bai oe Ee eh fcr nGgty Rr niece neraeitis See nes re eee st | GO. ae 107, 800. 00 53, 900. 00 
er Do he ease aire iets are ete Ce eee eee: |: ae 258, 395. 50 129, 197. 75 
ae Dyna Ree ee PE SE NORE, ORT a Sa RS Ce MRO Rr ae rN a 8 a 159, 997. 75 79, 998. 87 
Bee EE 2d, Sho cee Shon ey eS oe ee ees in et ol ae Oe 50, 068. 42 25, 034, 21 
I ne aroha, od ses ome woew kates ban cena aaehes ees Apr. 26 | 145,804.00 | } 22, 902. 00 
ie: SOs Sed PERU: Howe eae eoe coe etantawnsawees sl. asCeeee:, ‘' Ti, GRNeiye) ‘seo aie ae 
oe itn a a ale 1 45, 320. 00 | } 22, 660. 00 
ae nn Rl te ve ssw eva aSN ee asc ere oe ol ge do.....| ! 73,370.00 | } 36, 685. 00 
ae a nae Apr. la} 3 75, 460.00 | 137,730. 20 
i) ae ee Seer ere. meee Apr. 26 | 155,825.00 | 127,912. 50 
ee a a ee ee ee ee beer : 134, 349.60 | | 67,174. 80 
EE NS own: asia TRIER T nm Rr Ae Rar ern eae te ean Ped ans ote] Oz 1 46,156.00 | } 23,078. 00 
Sand-cay ee ieee on = ane eee eo ae a ial Salas gon Apr. 15 | 399,318.56 | 3 49, 659. 28 
en Se sy CUES. | tr ae Apr. 26 1 85,558.00 | |} 42,779. 00 
RN ie ciasesa oe igs eps Sata st eiaaje SE Sone teeter eiareidl ee dole... 1 40,777.00 | § 20, 388. 50 
Se MOA TU MURIINIEEIOY: . oo. 5 nw cece cece se nn ceceseees=|ean do.... ! 140,043.20 | 1 70,021. 60 
3 | esses... SR bo arrerei neice arate Apr. 15 3 36,067.80 | 3 18,033. 90 
—. ie an Apr. 26 1 77,198. 00 | 3} 38,599. 00 
ee te aes eae. _.do.....| 182,137.00 | 141,068. 50 
Teareh PCCM... oe eee eee ccc eenecee ene Apr. 9 | 3 108,043.76 | 3 54,021. 88 
ROMER eos 3 a aie’ e <5 sais SO Ree Fi wn Saiki «Sole SRS Sees os <= Apr. 26 1 37,345.00 | | 18,672. 50 
SI roe Ss is > I ccle w apex <o oie 'e.cie mine wa melee a |S ee age... : 78, 936. OO , |! 39, 46x. 0U 
EN, 2) oa ose PI 6 cm fw 108d iw 0h 0 6) e ad OSE a ge . 1 141,724.00 | | 70, 862. 00 
oe CUO dc wie OTE eo Wikies ucd SERIE ss aor eeee eee ce sveces acy | Sema. | | Li Sie le ae 
con CO ad re ee eo ee oe vs ee Se ess ss anise poeeeoeeen | «6 |) QE OE ee, ce 
RO OO CS rine oe Apr. 29 | 126,807.00 | | 13, 403. 50 
Me) esas eo sos oa ice so sin oS Ea Apr. 27 | 38, 244. 58 19, 122. 24 
ie eS ree emo erie ae eee re Mia ja, 2a9.20 | 27,627.00 
ee BN lake AN i ede ec aes Ree sea ee Des ceo eee | ene: DO, 696. 30 25, 348. 15 
TM AMEROVEL..... eas ee anes eee nce eececeeececaraces: Apr. 20 | 263,219.00 | 131,609. 50 
on) —ei a ch Seon eee Scene oc oo nee Apr. 14 581, 240.00 | 108, 400. 00 
ROT BUGQING ical gene ee = see eo es clte eee ees Apr. 9 188, LOU. 00 94, 050. OO 
Co yii SNM 3 ghey ae or enn oe Apr. 12 191, 400. 00 95, 700. 00 
ee WaemeemrCOUCTELG. 1.5... - +... 2 ene nee =e eaten eens eens Apr. 30 324, 000. 00 | 113, £00. 00 
Bituminous or aspha!tic top—macadam base.............. Apr. 21 287, 100. 00 97, 500. 00 
Rete et COL COMMU iain ese cna wine a eine seine seces | oem m0:22 199, 000. 00 14, 150. 00 
ae nn iene eee c ec ececntaweertcesecsesss>|.c6O.....| Gap Ge) Gi dee Ge 
Concrete er bituminous Miaeadari: ......- 2... ese snes Apr. 16 110, 000. 00 32, 000. OU 
00 i en: renee cr Apr. 21 162, 200. 00 43, 400. 00 
Asphalt, Kentucky rock asphalt, bituminous macadam...|... do. 145, 000. 00 59, 600. UU 
Brick or concrete...... SA... aE Se Mar. 22 192, 000.00 ; 57, 000. 00 
Raise ae aiciy'e diwle vw 240 oe wins ieee sins = s Apr. 2} 145,000.00 52, 500. 00 
Brickroand cushiomoniclay base... .................00.... Apr. 13 133, 500. 00 22, 000. UU 
RT | ee (—— 130, 000. 00 48, 000. 00 
Monlgrriiic Drichgmaiglay DaGe~ 2s. c eee e eee nee eee Apr. 2a 95,000.00 | 33, 500, 00 
Ogre _qugepete Ee: ee meer. Apr. 15 143, 500.00 | 66, 000, 00 
Brick, bitulithic or Kentucky rock asphalt on concrete base | Apr. 21 146, 000. 00 23, 000. OO 
Bitulithic A) a on ene ene, mene GO. 2.8 369, 000. 00 62, BOO. OU 
Sa MES NOE, 8 eo ee hee ee Seances cence cases Apr. 4 30, 000. 00 15, WOU, UU 
Pen hc OU OU Te ASE. | on... anigiwivic noe ae cnn sa aeeeedec's Apr. 15 110, 000. 00 25, 000. 00 
Se an el Se = a ee rer ee Apr. 23 327, 000, 00 69, 000. VO 
Concrete, brick, bituminous macadam..................... Avr. 2] 245,000.00 ; 50, O00 UO 
Concrete, brick, Bitulithic, or bituminous macadam....... Apr. 27 471, 000. 00 97, 000. VO 
Gmelieg s.........-.-. PE: 2 —mme ie ae Apr. 25 98, 760. 00 40, 000. 00 
0 re: i ie Apr. lo 188, QOU. 00 25, 000. 00 
0 poo ee ee ee Apr. 12 735, 000.00 | 367,500. 00 
So eo on eh ce re ay ee Apr. 20 480,000.00 | 240, 000. 00 
aoe oe ody Oc rn meer 3 4 306,514.17 | 153, a. 0% 
— eee” ae Sl lUmD! hm: CU aaa OCG 
Pe MMRROO COMCMIM eS «ee ee eee Apr. 2 189, 122. 72 43. O80. UU 
Fae ee 1 Apr. 23 20,910. 06 10, 455. 48 
ge TIRES aaeroneeaner cee et) eee | Bast 
ERMINE = = Cie yea et eee tee. sis.s + a esate Apr. , 114. , 997. 

Bituminous macadam................---.-0cceeecceceeeeee Apr. 12 345, 631.66 | 172, 815. ¥3 
-. ORR SESS eed "ae 258, 157.42 | 129, 078. 71 
|. - ae “ee 8 Oe eee la 80, 893. 35 40, 446. 67 
iN. A. | I oc os ot ngcua es ar. r 55” 000. 00 27, 500. 00 
ts, ee eee ee ee es sa 134, 156. 00 42, 000. UO 
ee OOP 202s... os ee ee Geet oss 2 os se eer. ce 123, 458. 61 30, 864. 65 
Ei@iadvomsriamee.. eee Apr. 4 63, 690. 00 31, 845. 00 


Amounts given are increases over those in the original statement. 
Amounts given are decreases over those in the original statement. 
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Length Project he aie 
State. Ne County. : id Type of construction. Statement ei - 
ae miles approved. 

OT eR Co) Pe ge THO) | WOR ee ea oes. ~~ ws vs a ee im = = ee ' Apr. 16 $115, 500. 00 $57, 750. VO 
qa | Prince dward........52.... SameO | “Rao Bes cos ees 2 2a eee ee ees Apr. 4 36, 790. 93 18, 395. 46 
fe) Gecmnane.... 2... aaa =s Saaoo |....- re a oe OE Sd bi bees Sn era oe | Ar. 24 79, O90. 00 39, 545. 00 
ee | A oes wees « os = = Ca) 6 be ec ee enna So Rs ES Se eee | Apr. 8 55, 999. 90 | 27, 999. 95 
92 | Orange, Spottsylvania...... ES C0 6) (ace ce ee es A) i ee Apr. @ 54,914.82 | 29,457. 41 
CD li i aa re QO | Woo B. Titpmmeneritiieie. 6 oe oi ccs ace sci eee oe ee Apr. 21 184, 339, O4 92, 169, $2 
102 | Shiemand@ah..............--- 44 | Bitumnpioupemeradeane.-..........-6s ego ee cee sec ee ee ate oe | Ager. al 60, 725. 87 16, 408, 6Y 
ese Virpiniia.........: 104 | ROMO... . esses ct eee L Ge) WEBEL. wo. «x0 « 5 GEM so eee e <nie iw aie = wi ties oe | Apr. 21 | | 55,246.40 | | 27,623.20 
NVeSOMSIN......... 25.228 Ree | ipa yes cn ae een ABO | wcine - Oia Soe nie aa ees See oe oS | Apr. 2p 55, 869. 00 24, 000. 00 
Ve? | RRRei re sc coe aces cee Tae: | GYR ee ee ee ee es Se Apr. 2 90, 493. 79 27, 006. 50 
Wt. | FeO Pate... 2. wie ce ee 3 Oia) CONS. 6. ck keewdcescaew eee taseensiss ss > > oe ' Apr. 21 | 3 135,860.64 | 339, 742. 91 
163° | [eM tes 6 sn soa ee oes TOO NIL ca. coc cc cn nce ob eens + menace bs oo+ Wess. 5 or MO... .2 41, 824. 56 18, 000, 00 
133 | Aeiiboee...... 2.22 cee eee See) || Gibay Oleo-: oa. ss aae aoe ele oue tees Jeet ote eee Apr. 4 15, See. 32 6, G00. 00 
184 |..... age... <2 tee eae i220 |....- ic EN er eee ee i Avpr.. 14 12, 763. 25 5, 000. 00 
Bey | WO ae... . . «oc vile in elo se So GOES Gs 5: 2,2 Sh eR eee eee eer Apr. 11 50, 053. 03 20), 000. 00 
196 | Wee! occa... sca ccescneswen THEO: PM cic... x eg ee eae to ve eet re oc Apr. 25 46,519.00 | 17,000. G0 
2 | JGR Oe. 222s ccs sees teem 1 B00: Maga... . . ude es oo re rreener ee ee oe. . r aa. it 59, 3-45. 50 19,314. 50 
ee OD. 5c Sette ores dot cee ASQHO WME). cae eso vealed Tee eee ere ee eee eS A. ee 59, 010. 05 23, O00. 00 
2s | WWeWaimmee. 2. sc. s cane ence ee Tae 0 | Gra Velbe so: oon ce eee oe ee ees or Apr. 4 24, 316. 60 9, 000. 00 
2 SER Oo ere Vao0: |... ue 5 2 earner pen INNER eS cS ee is os 6 0 ames 19, 74. 22 7, 000. 00 
Ze) | WO eee... ss cate mie ARO MM Na aap 8 ee a ert Bees cee, 53, 797. 15 25, 000. 00 
| 2a) Aiematom. ....... 92-242. 5.060 | Disintegrated granite or gravel.................-..-------- "Apr. 14 75, 217.61 30, 000. 00 
aa | Gmeide.. . OOM. oe asec SameeO | GYAVEe - ... . ann 2 erent nena eee cree eee Bre eZ 88, SAR. 64 35, 000. 00 
Ol | PaO 0a. «, 0 eee ae Gouscs . . Pee Sees cee ee Apr. 16 14, 752. 58 6, 000. 00 
| Gm eee.. .....ceeees seme Sum0 | GCONGKREC... .... onbbeaeae ter eee Sa ee | Apr. 30 | 127, 640. 59 43, 325. 57 
Oey Gece... . ..4 saaeeeeeasser SROEO | A RANGMET... . - «.o:n Steet ne eaten een vraag oer ee Apr. 2 71, 189. 94 30, 000. 00 
22): Tee... 2. oa. Peet eees aes 45500: | CORO... acecececee dace sem ere eee cee ce 66. oer MO... 2 179; 7G. @ 65, 314. 98 
247 | SIMWOMO. 0... ea ce een eae Gael GAVEL... . . .Seis.< we Seteygientnaa ess « cages etnete ys acters paseie ers: wi era Coc pees 74, 060. 36 35, O00, 00 
BES NC Oe nn on on eee nde + on oe eee SHOU |. sae 6) nr ew ee re Cie ee 31, 112558 9, 333. 33 


1 Withdrawn. 
3 Revised statement. 


(Continued from page 28.) 

Reference is made above to the sweeping of Portland 
cement over the pavement while it is still warm and 
phable. The principal purpose of the cement is to 
fill the fine superficial pores, and it is taken up to a 
limited extent by the asphalt. It takes the place of 
what was called a seal coat in the old Topeka type 
before it was modified in its finer aggregate. 

The seal coat in the now obsolete Topeka specifica- 
tions as well as the still valid specifications for some 
coarse-aggregate asphaltic concretes served a twofold 
purpose. 

In both these mixtures the grading requirements of 
the fine aggregate, even if properly enforced, could only 
produce porous mixtures. The seal coat consisted of 
a squeegee application of fluid asphalt cement that 
penetrated to some slight depth into the surface mixture 
and provided at least a temporary waterproofing. 
This seal coat with the following covering of stone chips 
also filled the superficial pores caused by the depression 
of the coarse stone into wearing surface. 

A seal coat is still employed in the coarse-aggregate 
types and is required for the reason that the superficial 
pores are of much greater extent than in the Topeka 





Amount given are decreases over those in the origina) statement. 


type. <As the coarse aggregate is much larger and 
constitutes nearly two-thirds of the entire mass of the 
pavement it follows that, in rolling, the larger stone, 
being depressed into the mass, will leave surface pores 
of comparatively large size. The only object’ of the 
seal coat at the present time is to fill these pores. 
While a thin coat of fluid asphalt covered with stone 
chips is frequently employed, a more rational seal coat 
consists of a thin coating of a mixture of fine aggregate 
and asphalt, as required in the body of the asphaltic 
concrete—in substance a sheet-asphalt mixture. This 
is thinly spread and raked over the pavement after the 
first rolling and after all surface corrections have been 
made and then rolled into the surface. The final finish 
for this pavement, as well as the other types, is Port- 
land cement or limestone dust. 

What has been said about field operations and 


inspection heretofore apphes with equal foree to the 


coarse-aggregate types. The latter can be made, the 
same as the small aggregate types, a pavement of per- 
manent value, not by a lucky accident, as has been 
the case many times in the past, but by design and 
conscientious insistence on the observance of essential 
requirements. 
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Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets, 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department's free 
supply is exhausted and no funds are available for procuring additional copies, appli- 
cants are referred to the Superintendent of Documents, Government Printing Office, 
this city, who has them for sale at a nominal price, under the law of January 12, 1896. 
Phose publications in this list, the Department supply of which is exhausted, can only 
be secured by purchase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


REPORTS. 


*Report of the Director of the Office of Public Roads for 1917. 6c. 
Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 
Report of the Chief of the Bureau of Public Roads for 1920. 


DEPARTMENT BULLETINS. 


Dept. Bul.*105. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1913. 5c, 
*136. Highway Bonds. 25c. 
220. Road Models. 
*230. Oil Mixed Portland Cement Concrete. 10c. 
*249. Portland Cement Concrete Pavements for Country 
Roads. 15c. 
257. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1914. 
314. Methods for the Examination of Bituminous Road 
Materials. 
347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 
Relation of Mineral Composition and Rock Struc- 
ture to the Physical Properties of Road Materials. 


10c. 
The Results of Physical Tests of Road-Building 
Re@ek. de. 
*373. Brick Roads, 15c. 
386. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the South- 
ern States, 1914. 
388. Public Road Mileage and Revenues in the New 
England States, 1914. 
¥389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. 5c. 
390. Public Road Mileage in the United States, 1914. 
A summary. 
Economic Surveys of County Highway Improve- 
ment. 30c. 
407. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1915. 
414. Convict Labor for Road Work. 
*463. Earth, Sand-Clay, and Gravel Roads. 5c. 
532. The Expansion and Contraction of Concrete and 
Concrete Roads. 
*537. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 


*348. 


*370. 


lan 


*393. 


c. 
555 Standard Forms for Specifications, Tests, Reports, 
and Methods of Sampling for Road Materials. 
583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 
586. Progress Reports of Experiments in Dust Prevene 
tion and Road Preservation, 1916. 
*660. Highway Cost Keeping. 10c. 
670. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 


*691. Tvpical Specifications for Bituminous Road 
Materials. ldc. 

704, Typical Specifications for Nonbituminous Road 
Materials. 

*724. Drainage Methods and Foundations for County 
Roads. 20c. 


*Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 
9 


1918. 
*Public Roads, Vol. II, No. 23. Tests of Road-Building Rock in 
Mors. «1de. 


DEPARTMENT CIRCULAR. 
No. 94. TNT as a Blasting Explosive. 
FARMERS’ BULLETINS. 


F. B. *338. Macadam Roads. 5c. 
505. Benefits of Improved Roads, 
597. The Road Drag. 





TO OC Se ere eel — 


- ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


SEPARATE REPRINTS FROM THE YEARBOOK. 


Y. B. Sep. 727. Design of Public Roads. 
739. Federal Aid to Highways, 1917. 


OFFICE OF PUBLIC ROADS BULLETINS. 


Bul. *45. Data for Use in Designing Culverts and Short-Span 
Bridges. (1913.) léc. 


OFFICE OF PUBLIC ROADS CIRCULARS. 


Cir. 489. em Tet of Experiments with Dust Preventatives 
7. OC. 
*90. Progress Report of Experiments in Dust Prevention, Road 
Preservation, and Road Construction, 1908. 5c. 
*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 
*94. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. dc. 
*99. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1912. 5c. 
*100. Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges, (1913.) 5c. 


OFFICE OF THE SECRETARY CIRCULARS. 


Sec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
*52. State Highway Mileage and Expenditures to January 
1, 1915. 5e. 
59. Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 
63. State Highway Mileage and Expenditures to January 
1, 1916. 
*65. Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Aid Road Act. 5c. 
*72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 5c. 
73. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 
74. State Highway Mileage and Expenditures for the 
Calendar Year 1916. 
mT. om Roads in the Vicinity of Washington, 
OC. 
Public Roads Vol. I, No.1. Automobile Registrations, Licenses, 
and Revenues in the United States. 
1917. 
Vol. I, No. 3. State Highway Mileage and Expen- 
ditures in the United States, 1917. 
*Vol. I, No. 11. Automobile Registrations, Licenses, 
and Revenues in the United States, 
1918. lode. 
*Vol. II, No. 15. State Highway Mileage and Ex- 
penditures in the United States, 
1918. 1dc. 
Vol. III, No. 25. Automobile Registrations, Licenses, 
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